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POLYNUCLEOTIDE CONSTRUCTS AND U SES THEREOF 
Field of the Invention 

The present invention relates to a polynucleotide constructs comprising hypoxia response 
elements operably linked to promoter sequences for use in targeting expression of 
therapeutic genes to cells such as tumour cells which are under conditions of hypoxia. 

Background to the Invention 

Gene therapy, the treatment or prevention of disease by gene transfer, is one of a number of 
approaches being used to treat a range of malignancies that occur in humans. In particular, 
an increased understanding of the molecular genetics of cancer has led to the development 
of various novel therapeutic strategies for cancer. Gene-based therapies currently being 
tested in clinical trials involve largely the ex vivo or in vivo use of viral or liposomal 
vectors to deliver genes to tumours for: (i) tumour suppressor gene replacement or 
oncogene inactivation, (ii) the expression of cytokines/vaccines known to activate or 
enhance anti-tumour immune mechanisms, (iii) enhanced drug sensitivity (e.g. pro-drug 
delivery or activation) (iv) drug resistance for bone marrow protection from high dose 
chemotherapy, and (v) inhibitors of tumour angiogenesis. 

Targeting the expression of such therapeutic genes specifically to solid tumours has, until 
recently, been problematic. In some instances, recombinant viral vectors bearing 
therapeutic genes have been targeted to specific cell types by the insertion of 
ligands/antibodies into the viral capsid. This approach requires the expression of tumour- 
specific antigens, as well as tissue-specific antigens, by the malignant cell. Thus any 
therapy is restricted to use in particular patient groups and tumour types showing 
expression of the selected tumour antigen. Alternatively, naked or viral-incorporated DNA 
can be injected directly in to the tumour (or at least into the local blood supply for the 
tumour) to maximise specificity of delivery and expression at the tumour site. Although, 
this approach has met with limited success for superficial tumours (e.g. breast and 
melanoma lesions), it relies on the accurate localisation of the tumour and does not ensure 
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DNA uptake by the entire tumour mass or treat secondary local or distant metastatic 

deposits. 

Recenuy, an alternative approach for targeting therapeutic gene expression to tumours has ., 
been developed (Dachs e, a,., 1997). This utilises the abnormal physiology that ex.sts ,n 
a.mos« a« solid tumours, regardless of their origin or location. Specifically, .t takes 
advantage of the tumour-specific condition of severe ischaemia, and its effects on specific 
enhancer regions of certain genes, to control the expression of heterologous genes (Dachs 
et al. 1997; UK Patent Application No. 9701975.6). 

Aggressive tumours generaHy have insufficient blood supply, partly because tumour cells 
grow faster than the endo.he.ial celis that make up the blood vessels, and partly because the 
newly formed vascular supply is dtsorganised. This results in areas of ischaemta and 
nutrient deprivation, including regions with both reduced oxygen tension (hypoxia) and 
giucose levels. Oxygen e.ectrode measurements of tumours have shown significant 
proportions of readings below 2.5 nunHg (norma, tissues ranges from 24 to 66 mmHg). 
Moreover, hypoxic cells are markediy .ess sensitive to radiotherapy - and chemotherapy, 
whtch is why, in par,, increased ievels of tumour hypoxia correlate with reduced surv.va. ,n 
many forms of cancer. 

Hypoxia is a powerful regu,a,or of gene expression in a wide range of different ce.l types 
(Wang and Semenza, 1993a). Studies of the genes involved in vascularization and 
carbohydrate metabo.ism have identified a number of genes which are induced under 
hypoxic conditions. For example, the gene encoding erythropotetin is known to be 

25 regulated by hypoxia. 

Erythropoietin (EPO) is a hormone which regu.ates erythroooiesis and hence blood oxygen 
content. Cis-ac.iva.ing DNA sequences .ha, function as .issue-specific hypoxia-inducible 
enhancers of human erythropoietin expression have been identified (Semenza e, al, W91) 
,0 These enhancers con,ain regula.ory element ,ermed hypoxia response Cements (HREs) 
which are ,he binding si.es for hypoxia-inducib.e uar.crip.ion factors such as hypoxia 
inducible factor-, (H.F-1). A DNA enhancer sequence .oca.ed 3' to the mouse 
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erythropoietin gene has been shown to confer oxygen-regulated expression on a variety of 
heterologous promoters (Pugh et al., 1991). 

A second example of a hypoxia-associated regulatory sequence is an enhancer element 
which lies 5' to the mouse phosphoglycerate kinase (PGK) gene promoter. The sequence 
of the enhancer has been published (McBurney et al., 1991) and its hypoxia-inducible 
properties disclosed in WO-A-95/21927. The HRE within this PGK enhancer has been 
defined as an 1 8 bp sequence. 

Dachs et al. (1997) used a multimeric form of the mouse PGK-1 gene (Firth et al., 1994) to 
control expression of both marker and therapeutic genes by human fibrosarcoma cells in 
response to hypoxia in vitro and within solid tumours in vivo (Dachs et al., 1997). 

Thus, since ischaemia is a general feature of solid tumours regardless of their cellular 
origin or patient population, it is possible to exploit tumour hypoxia to obtain selective 
expression of genes in tumours (Dachs et al., 1997). 

lschaemic damage may also occur in may other tissues when the blood supply to the tissue 
is reduced or cut off. Stroke, deep vein thrombosis, pulmonary embolus and renal failure 
are examples of conditions that can cause such damage. The cell death of cardiac tissue, 
called myocardial infarction, is due in large part to tissue damage caused by ischemia 
and/or ischemia followed by reperfusion. Recurrent ischaemia and reperfiision typically 
results in oxidative damage to cells from reactive oxygen species. The extent and type of 
damage depends on the severity and nature of the hypoxic stress. For example, the stress 
may cause tissue necrosis. Alternatively, the stress may initiate apoptosis (programmed 
cell death) to eliminate the damaged cells. 

Ideally, a hypoxia-inducible expression construct for use in tumour therapy should be 
capable of directing high level expression under hypoxic conditions whilst only directing 
low basal levels of transcription under normoxic conditions. This combination allows 
maximum delivery of therapeutic product to tumour cells without affecting normal 
surrounding oxygenated tissue. However, although studies carried out to date have 
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demonstrated that it is possible to obtain hypoxia-activated transcription in tumour cells, 
the levels of transcription obtained and the hypoxia induction ratios (expression under 
hypoxia/expression under normoxia) have been disappointing. For example, although 
WO-A-95/21927 tests constructs having three copies of the mouse PGK HRE linked to the 
PGK-1 promoter, the 9-27 promoter or the thymidine kinase gene promoter, the maximum 
induction ratio obtained under hypoxic and normoxic conditions was about eighteen-fold. 



Summary of the Invention 



By contrast, we have now surprisingly found that a novel regulatory construct comprising 
three repeats of the mouse phosphoglycerate kinase (PGK) gene HRE (optionally with the 
middle repeat comprising a deletion in the HIF-1 consensus binding site) operably linked 
to a strong viral promoter, the SV40 or MLV promoter, is capable of driving very high 
levels of transcription under conditions of hypoxia whilst providing only low basal levels 
of transcription under normal oxygen conditions. The induction ratio of hypoxic/normoxic 
conditions was at least 100-fold. Thus a polynucleotide construct of the present invention 
may be advantageously used to target specifically cells within a tumour mass which are 
under conditions of hypoxia, without affecting normal surrounding tissue. 

in addition, we now describe, for the first time, lentiviral vectors that are responsive to 
hypoxia and to agents that mimic hypoxia. This regulation can be harnessed in vitro to 
enhance production of the vector and it can be used in vivo to regulate gene express.on in 
response to a physiological signal. Such vectors have utility in a wide range of diseases 
where ischaemia, including hypoxia, is a feature, for example, cardiovascular disease, 
peripheral arterial disease, cancer and arthritis. 

Accordingly the present invention provides a polynucleotide comprising at least two 
repeats of a hypoxia response element (HRE), wherein the hypoxia-inducible factor 
consensus binding sites within each of the two repeats are separated by a spacer of at least 
0 20 contiguous nucleotides. 
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Typically, the HRE repeats are operably linked to a viral promoter. Preferably the HRE is 
a phosphoglycerate kinase (PGK) HRE. In a preferred embodiment the polynucleotide of 
the invention comprises three repeats of a PGK wherein the 5' and 3' HREs comprise a 
functional HIF-1 binding site and the middle HRE lacks a HIF-1 binding site. Preferably ,. 
the HRE repeats are operably linked to an SV40 promoter or a Moloney murine leukaemia 
virus (MoMLV) promoter. Preferably, the HRE repeats are direct repeats. More 
preferably, the repeats are in their naturally occurring orientation. 

In another embodiment, the present invention provides a polynucleotide comprising at least 
three repeats of a phosphoglycerate kinase (PGK) hypoxia response element (HRE) 
operably linked to an SV40 promoter or a Moloney murine leukaemia virus (MoMLV) 
promoter. Preferably, the HRE repeats are direct repeats. More preferably, the repeats are 
in their naturally occurring orientation. 

A preferred functional HRE of the present invention consists of a nucleotide sequence as 
shown in SEQ ID. No. 1 or SEQ ID. No. 2. A preferred HRE/promoter construct of the 
invention comprises a nucleotide sequence as shown in SEQ ID. No.3, SEQ ID. No. 4, 
SEQ ID. No. 5 or SEQ ID. No. 9. 

in a preferred embodiment, the polynucleotide of the invention comprises at least two 
repeats of the HRE operably linked to the promoter and upstream (5' to) the promoter and 
at least two repeats of the HRE operably linked to the promoter and downstream (3' to) the 
promoter, wherein the hypoxia-inducible factor consensus binding sites within each of the 
two repeats are separated by a spacer of at least 20 contiguous nucleotides.. 

In another preferred embodiment, the polynucleotide of the invention composes at least 
three repeats of the HRE operably linked to the promoter and upstream (5' to) the promoter 
and at least three repeats of the HRE operably linked to the promoter and downstream (3 
to) the promoter. 

0 

The present invention also provides a polynucleotide of the invention operably linked to a 
nucleic acid of interest (NOI), to produce in effect an expression cassette, such that the 
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polynucleotide directs expression of the NOI in a host cell. Thus the present invention 
further provides a polynucleotide of the invention operably linked to an NOI for use in 
expressing the NOI in a host cell, for example a mammalian cell, more preferably a human 
cell. 

The NOI preferably encodes a polypeptide of therapeutic use, such as a polypeptide which 
is cytotoxic or a polypeptide capable of converting a precursor prodrug into a cytotoxic 
compound. The NOI may also preferably be selected from polynucleotide sequences 
encoding proteins involved in the regulation of cell division, enzymes involved in cellular 
metabolic pathways, transcription factors and heat shock proteins. 

We have also shown that inclusion of a nucleic acid sequence encoding a HIF-la 
polypeptide improves the induction under hypoxic conditions. Accordingly, in a highly 
preferred embodiment, the NOI encodes a HIF-la polypeptide. 

The present invention also provides a nucleic acid vector comprising a polynucleotide of 
the invention. In a preferred embodiment, the present invention provides a viral vector 
comprising a polynucleotide of the invention. Preferably the viral vector is a retroviral, 
such as a lentiviral, an adenoviral or a herpes simplex viral vector, more preferably a 
lentiviral vector. 

Although NOI sequences inserted into retroviral vectors may be placed under the control of 
the 5' LTR sequence (modified or otherwise) or an internal promoter, we have now shown 
that there is a particular advantage to configuring such vectors as single transcription unit 
vectors whereby the HRE/promoter construct of the invention is placed within the 3 'LTR 
such that the resultant duplication of the 3' LTR also leads to duplication of the regulatory 
sequence. We have now shown that this arrangement enhances the activated response to 
hypoxia in a synergistic manner. 



This technique will be equally applicable to other regulatory sequences and consequently, a 
retroviral vector of the invention comprising a heterologous regulatory sequence within the 
U3 region of the viral genome is also provided. The present invention accordingly further 
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provides a method for producing a retroviral vector which comprises inserting a regulatory 
sequence into an LTR region of a retroviral vector such that the regulatory sequence is 
duplicated in the proviral genome. Preferably, the region is the U3 region. Preferably, the 
retroviral vector also comprises an NOI which is operably linked to the regulatory , 
5 sequence. More preferably the NOI is not in a region of the retroviral vector which results 
in duplication of the NOI in the proviral genome. 

In a particular aspect of the invention adenoviral vectors that contain the components that 
are required to make a retroviral or a lentiviral vector are used to transduce, for example, 
10 CD34 + stem cells. The cell that has been transduced with the adenoviral vector therefore 
S secretes the retroviral/lentiviral vector. The adenoviral vector in the cells therefore acts as 

3 an in situ retroviral factory as described previously (WO-A-97/273 1 0). 

;: 3 

S The present invention further provides a host cell comprising a polynucleotide of the 

invention. Host cells of the invention may be produced in vitro, in vivo or ex vivo. In a 
particularly preferred embodiment, the host cell may be a differentiated cell, for example a 
macrophage or an endothelial cell, more preferably a terminally differentiated cell. 
Alternatively, the host cell may be an undifferentiated cell, for example a haematopoietic 
stem cell (HSC). 



15 



20 



Preferably, the differentiated cell is derived from the HSC. This aspect is advantageous as 
it provides a means for providing for selective expression in or by or from, for example, a 
macrophage that has been differentiated from the HSC. 

25 In a further aspect, the present invention provides a host cell, which cell may be a 
differentiated cell or an undifferentiated cell which is capable of being differentiated to a 
differentiated cell, which host cell comprises a polynucleotide of the invention comprising 
an HRE/promoter operably linked to an NOI wherein the polynucleotide of the invention 
has been introduced into the cell by viral transduction, preferably by adenoviral 

30 transduction and/or lentiviral transduction. 
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Polynucleotides of the invention comprising an HRE/promoter construct operably linked to 
an NOI comprising a therapeutic gene may advantageously be used to deliver therapeutic 
products to mammalian cells. In particular, mammalian cells which are under hypoxic 
conditions will preferentially express the NOI under the control of the HRE/promoter 
5 construct whereas surrounding cells under conditions of normoxia will express the NOI at 
much lower levels. 

Accordingly, the present invention provides a polynucleotide, a nucleic acid vector, viral 
vector or host cell of the invention for use in a method of treatment of a human or animal 
,0 patient suffering from a disease in which hypoxia is a cause or a symptom or is otherwise 

present. 

The present invention also provides a pharmaceutical composition comprising a 
polynucleotide, a vector, a viral vector or host cell of the invention together with a 
1 5 pharmaceutical^ acceptable carrier or diluent. 

In a further aspect, the present invention provides a method of treatment of a human or 
animal patient suffering from a disease in which hypoxia is a cause or a symptom or is 
otherwise present body which method comprises administering an effective amount of a 
20 pharmaceutical composition of the invention to the patient in need of such treatment. 

In a still further aspect, the present invention provides a method of producing a viral strain 
comprising introducing a polynucleotide of the invention into the genome of a virus. 
Preferably, the method comprises introducing the polynucleotide into the genome of the 
25 virus by homologous recombination between said genome and a vector of the invention. 

Ischaemia can be an insufficient supply of blood to a specific organ or tissue. A 
consequence of decreased blood supply is an inadequate supply of oxygen to the organ or 
tissue (hypoxia). Prolonged hypoxia may result in injury to the affected organ or tissue. 

30 
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In a further aspect, the invention provides a medicament for treatment or prophylaxis of 
conditions characterised by ischaemia or hypoxia, comprising a vector and/or HSC as 
described together with a pharmaceutical ly acceptable carrier or diluent. 

5 A preferred aspect of the present invention relates to uses of any of the aforementioned 
products in the treatment or prevention of a condition characterised by ischaemia, hypoxia 
or low glucose; particularly, but not exclusively, a condition such as cancer (in particular 
solid tumours), cerebral malaria, ischaemic heart disease or rheumatoid arthritis. 

10 Detailed Description of the Invention 

A. Polynucleotides 

Polynucleotides of the invention may comprise DNA or RNA. They may be single- 
1 5 stranded or double-stranded. They may also be polynucleotides which include within them 
synthetic or modified nucleotides. A number of different types of modification to 
oligonucleotides are known in the art. These include methylphosphonate and 
phosphorothioate backbones, addition of acridine or polylysine chains at the 3' and/or 5' 
ends of the molecule. For the purposes of the present invention, it is to be understood that 
20 the polynucleotides described herein may be modified by any method available in the art. 
Such modifications may be carried out, for example, to enhance the in vivo activity or life 
span of polynucleotides of the invention. 
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L Promoter/enhancer sequences 



A polynucleotide of the invention comprises a hypoxia response element (HRE) operably 
linked to a promoter. An HRE for use in the present invention is a minimal nucleotide 
sequence that acts under conditions of hypoxia on a promoter sequence to which it is 
operably linked to increase the rate of transcription of a nucleotide sequence of interest 
30 (NOI) under the control of the promoter. Preferably, the HRE and promoter which 
comprise the polynucleotide of the present invention are selected such that expression of an 
NOI gene operably linked to these elements is minimal in the presence of a healthy supply 
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of oxygen and is upregulated under hypoxic or anoxic conditions. More preferably the 
ratio of the rate of transcription under normoxic conditions (for example 21% oxygen) to 
the rate of transcription under hypoxic conditions (for example less than 1% oxygen or 
0. 1 % oxygen) is at least 20: 1 , more preferably at least 50: 1 or 1 00: 1 . 

The polynucleotide of the present invention may comprise one or more HREs, preferably at 
least two or three. Where more than one HRE is used, they are typically spaced apart by at 
least 4 to 6, more preferably at least 6 nucleotides. In a especially preferred embodiment, 
at least two of the HREs are spaced apart by at least 20 nucleotides, more preferably at 
least 30 or 35 nucleotides. Spacing is typically measured from the 3' end of the hypoxia 
inducible factor (for example HIF-1) binding site within one HRE to the 5' end of the 
hypoxia inducible factor binding site of the next HRE. The HIF-1 binding site has the 
consensus C/A.G.G/C.ACGT.G/C/A (or its complement). In one embodiment, the spacer 
comprises the sequence 5' GTCGTGCAGGCA 3' (SEQ I.D. No. 10), or its complement, 
more preferably the sequence 5 ' TCT AGTGTCGTGC AGGC ATCT AGT 3' (SEQ I.D. No. 
1 1), or its complement. 

In a preferred embodiment, the spacer lacks an hypoxia inducible factor (such as HIF-1) 
binding site. For example, it may contain a mutant hypoxia inducible factor binding site 
obtained by mutation of all or part of a consensus site such that its ability to bind an 
hypoxia inducible factor has been substantially reduced or abolished (see below). 

Multiple HRE repeats may be in the same or different orientation. In a preferred 
embodiment the HREs are in the same orientation, in particular in the same orientation as 
found in the naturally occurring regulatory control sequence from which they originate, 
where appropriate. HREs may be upstream of the promoter (5') or downstream of the 
promoter (3') or both. 

A variety of HREs are known in the art. For example HREs have been found in 
association with a number of genes including the erythropoietin (EPO) gene (Madan et al., 
1993; Semenza and Wang, 1992). Other HREs have been isolated from regulatory regions 
of both the muscle glycolytic enzyme pyruvate kinase (PKM) gene (Takenaka et al. 1989), 
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the human muscle-specific p-enolase gene (EN03; Peshavaria and Day, 1991) and the 
endothelin-1 (ET-1) gene (Inoue et al.. 1989). A list of HREs is given in Table 1 below. A 
particularly preferred HRE is the phosphoglycerate kinase (PGK) HRE (W095/21927), 
such as the mouse PGK HRE P24 sequence CGCGTCGGTGCAGGACGTGACAAAT 
(SEQ ID. No. 1) or its truncated PI 8 version GTCGGTGCAGGACGTGACA (SEQ ID. 
No. 2). Another particularly preferred HRE is the D2 HRE of Example 21 - 
GTCGTGCAGTACGTGACA (SEQ ID. No. 12). 

A particular example of a hypoxia regulated enhancer is a binding element for transcription 
factor HIF-1 (Dachs et al, 1997; Wang and Semenza, 1993a; Firth et al., 1994 and/or a 
binding element for endothelial PAS domain protein (EPAS). In a particularly preferred 
embodiment, an HRE for use in the present invention is capable of binding both HIF-1 and 
E-PAS. However, an HRE for use in the present invention may be capable of 
preferentially binding E-PAS as opposed to HIF-1. Thus, an HRE for use in the present 
invention may bind E-PAS at least 10 times, preferably at least 20, 30, 40 or 50 times more 
strongly than HIF-1. This can be tested by, for example, in vitro binding assays such as 
electrophoretic band shift assays or by competition assays using nucleotides comprising 
HRE sites immobilised on a solid substrate such as sepharose beads. 



Table 1 - HRE' S 



hEPO 



GGGCCCTACGTGCTGTCTCACACAGC 



mEPO 



GGGCCCTACGTGCTGCCTCGCATGGC 



mPGK 



CGCGTCGTGCAGGACGTGACAAAT 



mLDH 



CCAGCGGACGTGCGGGAACCCACGTGTAGG 



Glucose trpt 



TCCACAGGCGTGCCGTCTGACACGCA 



hVEGF 



CCACAGTGCATACGTGGGCTCCAACAGGTCCTCTT 



rVEGF 



ACAGTGCATACGTGGGCTTCCACA 



hNOS 



ACTACGTGCTGCCTAGG 



hAldolase 



CCCCTCGGACGTGACTCGGACCACAT 
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hEnolase ACGCTGAGTGCGTGCGGGACTCGGAGTACGTGACGGA 
mHeme Oxygenase CGGACGTGCTGGCGTGGCACGTCCTCTC 

Where an EPAS-binding HRE is used, it may be desirable to enhance hypoxia - 
specificity/inducibility by introducing into the host cell an NOI encoding the EPAS. 
Alternatively, the host cell used may naturally express the EPAS (for example epithelial 
cells, including tumour cells, and macrophage cells). 

By contrast, where a HIF-1 binding HRE is used, it may be desirable to enhance hypoxia 
specificity/inducibility by introducing into the host cell an NOI encoding HIF-1, such as 
HIF-1 a. under the control of the HRE by way of an autoregulatory system. 

It is also possible to modify a known HRE, or design a novel HRE based on the HRE 
j consensus sequence, to obtain an HRE suitable for use in the present invention provided 
that it is able to confer hypoxia-inducible transcription, typically when combined with a 
promoter sequence, on an operably linked NOI. Modifications include nucleotide 
substitutions, deletions and insertions. In a particularly preferred embodiment, at least 
three HRE repeats are used and one HRE element, for example the middle repeat, is 
0 mutated to render its HIF-1 site non-functional, for example by deletion. In this way, at 
least two functional HRE elements remain separated by a spacer derived from a functional 
HRE element but which lacks an hypoxia-inducible factor binding site. An example of 
such a construct is Obhrel 1 which comprises three direct repeats of a mouse PGK HRE 
element, the middle one of which comprises a deletion in its HIF-1 binding site. 

A further example of modification of an HRE to improve its hypoxic response is provided 
in Example 21. 

An HRE may also contain additional sequences, for example those with which it is 
30 naturally associated as part of an enhancer, or other sequences. 
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The level of expression of an NOI or NOIs under the control of a particular polynucleotide 
of the invention may be modulated by manipulating the enhancer/promoter region. For 
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example, different domains within a promoter region may possess different gene regulatory 
activities. The roles of these different regions are typically assessed using vector 
constructs having different variants of the promoter with specific regions deleted (that is, 
deletion analysis). This approach may be used to identify, for example, the smallest region 
5 capable of conferring tissue specificity or the smallest region conferring hypoxia 
inducibility. 

Promoters used in the polynucleotides of the invention are preferably strong promoters 
such as viral promoters. For example, strong viral promoters include the SV40 promoter, 
10 the cytomegalovirus (CMV) promoter, the rous sarcoma virus (RSV) promoter and murine 
leukaemia virus (MLV) promoters. Particularly preferred promoters are the SV40 and 
MoMLV promoters. Thus preferred HRE/promoter constructs include the constructs 
shown in SEQ ID. Nos 3, 4 and 5. 

15 However, in another preferred embodiment, particularly where a viral promoter and a 
HIF-1 autoregulated construct is used, it may be desirable to reduce basal transcription by 
using a promoter that lacks one or more of the transcriptional regulatory sequences 
normally associated with the TATA box or initiator sequence of the promoter. For 
example the promoter may lack a CAAT box motif, as in the case of the MLV promoter 

20 described in Example 20, and/or an Spl consensus binding site, such as is normally found 
within the SV40 promoter. It may also be possible to use a minimal promoter consisting 
essentially of a TATA box or initiator linked to an HRE. 

In addition to the HRE sequences and promoter, the polynucleotide of the invention may 
25 comprise additional regulatory control sequences. For example, additional levels of 
transcriptional control may be used to ensure that expression directed by the polynucleotide 
of the invention is confined to certain cell types or under certain conditions. Thus 
additional enhancers may be operably linked to the polynucleotide of the invention, either 
downstream, upstream or both. 



The additional regulatory sequence may be a sequence found in eukaryotic genes. For 
example, it may be a sequence derived from the genome of a cell in which expression of 
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the NOI is to occur, preferably a tumour. Subject to the over-riding control of the HRE 
enhancer/promoter construct of the invention, the additional regulatory sequence may 
function to confer ubiquitous expression or alternatively tissue-specific expression. It is 
particularly preferred that additional regulatory sequences are used that are preferentially 
active in one or more specific cell types - such as any one or more of macrophages, 
endothelial cells or combinations thereof. Further examples include respiratory airway 
epithelial cells, hepatocytes, muscle cells, cardiac myocytes, synoviocytes, primary 
mammary epithelial cells and post-mitotically terminally differentiated non-replicating 
cells such as macrophages. 

Examples of sequences which are cell specific include a macrophage-specific promoter or 
enhancer such as a CSF-1 promoter-enhancer (see Example 8), or elements from a 
mannose receptor gene promoter-enhancer. Alternatively, elements which are preferentially 
active in neutrophils, or a lymphocyte-specific enhancer such as an 1L-2 gene enhancer, 
may be used. A particularly preferred tissue specific regulatory sequence is an HIV- 
derived sequence that confers macrophage-specific expression (such as the promoter 
sequences described in Example 8 - XiaMac (SEQ ID. No. 7). 

Another example is an endothelium specific promoter, which may be used to restrict the 
expression of an NOI to vascular endothelium. In particular the correct choice of regulatory 
sequences can restrict expression to the neo-vasculature that is specific to tumours. Jaggar 
et al. (1997) have described the use of the E-selectin and KDR promoters to express 
therapeutic genes from retroviral vectors specifically in endothelial cells. Hypoxia- 
regulated endothelium specific promoters may be particularly useful for the delivery of 
anti-angiogenic factors to tumour vasculature. 

The term "tissue specific" means a regulatory control sequence which is not necessarily 
restricted in activity to a single tissue type but which nevertheless shows selectivity in that 
it may be active in one group of tissues and less active or silent in another group. 



A number of tissue specific enhancers, described above, may be particularly advantageous 
in practising the present invention. In most instances, these enhancers may be isolated as 
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convenient restriction digestion fragments suitable for cloning in a selected vector. 
Alternatively, enhancers fragments may be isolated using the polymerase chain reaction. 
Cloning of the amplified fragments may be facilitated by incorporating restriction sites at 
the 5' end of the primers. Enhancer fragments may also be synthesised using, for example, - 
5 solid-phase technology. 

A particular example of a regulated sequence that may be added to the HRE/promoter of 
the invention to restrict expression to macrophages under defined conditions is the IRF 
system (Taniguchi el al, 1995; Kuhl et a!., 1987). In this situation an interferon response 

0 element (IRE) is used that can bind the transcription factors IRF1 and IRF2. IRF 2 is 
constitutively bound to this IRE in macrophages and lacks the ability to activate 
transcription. Interferon activates IRF1 expression that can then compete for binding with 
IRF2. The ability of IRF 1 to activate transcription thereby reverses IRF2 repression. IRF1 
also induces IRF2 gene expression thereby limiting activation of transcription by 'auto shut 

15 off . Inclusion of a tetramer of the IRE can block SV40 promoter function in the absence 
of IRF 1 activation. Inclusion of this tetrameric sequence downstream of the HRE 5' to 
the ATATAA (i.e. the TATA box like element in the SV40 promoter) confers repression 
in the absence of activation by interferon. 

20 Interferon gamma is naturally present in inflammatory responses including the response to 
tumours. Alternatively interferon gamma can be provided exogenously as a protein or as a 
gene and delivered as a gene therapy. In a particular aspect of the invention an autocrine 
regulatory circuit can provide interferon gamma. In this case a simple HRE promoter such 
as OBHRE is linked to interferon gamma coding sequence. A second gene, for example a 

25 pro-drug activating enzyme or any from the above list is linked to the XiaMac promoter 
that contains an IRF-1 responsive sequence. (SEQ ID. No. 8 - see Examples) The 
promoter is inactive in all cells including macrophages. Upon exposure to hypoxia in the 
pathological condition the interferon gamma is expressed. The expression of the 
therapeutic gene is then activated by the macrophage specific factors and the hypoxia 
30 responsive factors. This two phase strategy can be applied to any repressor protein. 
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Additional regulatory sequences may also comprise elements that respond to specific 
stimuli, for example elements that bind steroid hormone receptors. 

It may also be desirable to include regulatory elements that are inducible, for example such 
that expression can be regulated by administration of exogenous substances. In this way, 
levels of expression of the NOI can be regulated during the life-time of the cell. Inducible 
means that the levels of expression obtained using the promoter can be regulated. For 
example, in a preferred embodiment a polynucleotide of the invention comprises regulatory 
sequences responsive to the tet repressor/VP16 transcriptional activator fusion protein 
previously reported (Gossen and Bujard, 1992; Gossen et al, 1995). A second 
polynucleotide would then typically comprise a strong promoter (e.g. the CMV IE 
promoter) driving the expression of the tet repressor/VP16 fusion protein. Thus in this 
example expression of the first NOI would depend on the presence or absence of 
tetracycline. 

A desirable characteristic of the polynucleotides of the present invention is that they 
possess a relatively low transcriptional activity in the absence of activated hypoxia- 
regulated enhancer elements, even in the target tissue. For example, "silencer" elements 
may be used which suppress the activity of a selected promoter in the absence of hypoxia. 
Another strategy is to use a HIF-1 autoregulated construct as described above and in the 
Examples. 

2. Nucleic acids of Interest (NOI) 

The polynucleotide of the invention is typically operably linked to an NOI, usually a 
heterologous gene. The term ''heterologous gene" encompasses any gene. The heterologous 
gene may be any allelic variant of a wild-type gene, or it may be a mutant gene. The term 
"gene" is intended to cover nucleic acid sequences which are capable of being at least 
transcribed. Thus, sequences encoding mRNA, tRNA and rRNA are included within this 
definition. The sequences may be in the sense or antisense orientation with respect to the 
promoter. Antisense constructs can be used to inhibit the expression of a gene in a cell 
according to well-known techniques. Nucleic acids may be, for example, ribonucleic acid 
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(RNA) or deoxyribonucleic acid (DNA) or analogues thereof. Sequences encoding mRNA 
will optionally include some or all of 5' and/or 3' transcribed but untranslated flanking 
sequences naturally, or otherwise, associated with the translated coding sequence. It may 
optionally further include the associated transcriptional control sequences normally 
associated with the transcribed sequences, for example transcriptional stop signals, 
polyadenylation sites and downstream enhancer elements. Nucleic acids may comprise 
cDNA or genomic DNA (which may contain introns). However, it is generally preferred to 
use cDNA because it is expressed more efficiently since intron removal is not required. 

The term "operably linked" refers to a juxtaposition wherein the components described are 
in a relationship permitting them to function in their intended manner. A control sequence 
"operably linked" to a coding sequence is ligated in such a way that expression of the 
coding sequence is achieved under conditions compatible with the control sequence. 

In accordance with the present invention, suitable NOI sequences include those that are of 
therapeutic and/or diagnostic application such as, but are not limited to: sequences 
encoding cytokines, chemokines, hormones, antibodies, engineered immunoglobulin-like 
molecules, a single chain antibody, fusion proteins, enzymes, immune co-stimulatory 
molecules, immunomodulatory molecules, anti-sense RNA, a transdominant negative 
mutant of a target protein, a toxin, a conditional toxin, an antigen, a tumour suppressor 
protein and growth factors, membrane proteins, vasoactive proteins and peptides, anti-viral 
proteins and ribozymes, and derivatives therof (such as with an associated reporter group). 

Suitable NOIs for use in the present invention in the treatment or prophylaxis of cancer 
include NOIs encoding proteins which: destroy the target cell (for example a ribosomal 
toxin), act as: tumour suppressors (such as wild-type p53); activators of anti-tumour 
immune mechanisms (such as cytokines, co-stimulatory molecules and immunoglobulins); 
inhibitors of angiogenesis; or which provide enhanced drug sensitivity (such as pro-drug 
activation enzymes); indirectly stimulate destruction of target cell by natural effector cells 
(for example, strong antigen to stimulate the immune system or convert a precursor 
substance to a toxic substance which destroys the target cell (for example a prodrug 
activating enzyme). Encoded proteins could also destroy bystander tumour cells (for 
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example with secreted antitumour antibody-ribosomal toxin fusion protein), indirectly 
stimulated destruction of bystander tumour cells (for example cytokines to stimulate the 
immune system or procoagulant proteins causing local vascular occlusion) or convert a 
precursor substance to a toxic substance which destroys bystander tumour cells (eg an 
enzyme which activates a prodrug to a diffusible drug). 

NOI(s) may be used which encode antisense transcripts or ribozymes which interfere with 
expression of cellular genes for tumour persistence (for example against aberrant myc 
transcripts in Burkitts lymphoma or against bcr-abl transcripts in chronic myeloid 
leukemia. The use of combinations of such NOIs is also envisaged. 

Instead of, or as well as, being selectively expressed in target tissues, the NOI or NOIs may 
encode a pro-drug activation enzyme or enzymes which have no significant effect or no 
deleterious effect until the individual is treated with one or more pro-drugs upon which the 
enzyme or enzymes act. In the presence of the active NOI, treatment of an individual with 
the appropriate pro-drug leads to enhanced reduction in tumour growth or survival. 

A pro-drug activating enzyme may be delivered to a tumour site for the treatment of a 
cancer. In each case, a suitable pro-drug is used in the treatment of the patient in 
combination with the appropriate pro-drug activating enzyme. An appropriate pro-drug is 
administered in conjunction with the vector. Examples of pro-drugs include: etoposide 
phosphate (with alkaline phosphatase); 5-fluorocytosine (with cytosine deaminase); 
doxorubicin-N-p-hydroxyphenoxyacetamide (with penicillin-V^amidase); para-N-bis(2- 
chloroethyl) aminobenzoyl glutamate (with carboxypeptidase G2); cephalosporin nitrogen 
mustard carbamates (with (^lactamase); SR4233 (with P450 Reducase); ganciclovir (with 
HSV thymidine kinase); mustard pro-drugs with nitroreductase and cyclophosphamide 
(with P450). 

Examples of suitable pro-drug activation enzymes for use in the invention include a 
thymidine phosphorylase which activates the 5-fluoro-uracil pro-drugs capcetabine and 
furtulon; thymidine kinase from herpes simplex virus which activates ganciclovir; a 
cytochrome P450 which activates a pro-drug such as cyclophosphamide to a DNA 
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damaging agent; and cytosine deaminase which activates 5-fluorocytosine. Preferably, an 
enzyme of human origin is used 

Suitable NOIs for use in the treatment or prevention of ischaemic heart disease include , 
5 NOIs encoding plasminogen activators. Suitable NOIs for the treatment or prevention of 
rheumatoid arthritis or cerebral malaria include genes encoding anti-inflammatory proteins, 
antibodies directed against tumour necrosis factor (TNF) alpha, and anti-adhesion 
molecules (such as antibody molecules or receptors specific for adhesion molecules). 

1 0 The expression products encoded by the NOIs may be proteins which are secreted from the 
cell. Alternatively the NOI expression products are not secreted and are active within the 
cell. In either event, it is preferred for the NOI expression product to demonstrate a 
bystander effector or a distant bystander effect; that is the production of the expression 
product in one cell leading to the killing of additional, related cells, either neighbouring or 

15 distant (e.g. metastatic), which possess a common phenotype. 

Where macrophages or other haematopoietic cells are used, NOIs may be used which 
encode, for example, cytokines. These would serve to direct the subsequent differentiation 
of the HSCs containing a therapeutic NOI. Suitable cytokines and growth factors include 
20 but are not limited to: ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EOF, ENA-78, Eotaxin, 
Eotaxin-2, Exodus-2, FGF-acidic, FGF-basic, fibroblast growth faclor-10, FLT3 ligand, 
Fractalkine (CX3C), GDNF, G-CSF, GM-CSF, GF-pl, insulin, IFN-y, IGF-I, IGF-II, IL- 
la, IL-ip, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL-9, IL-10, IL- 
11, IL-12, IL-13, IL-15, IL-16, IL-17, IL-18 (IGIF), Inhibin a, Inhibin p, IP-10, 
25 keratinocyte growth factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mullerian 
inhibitory substance, monocyte colony inhibitory factor, monocyte attractant protein, M- 
CSF, MDC (67 a.a.), MDC (69 a.a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 
a.a.), MDC (69 a.a.), MIG, MlP-la, MIP-ip, MIP-3a, MIP-3P, MIP-4, myeloid progenitor 
inhibitor factor- 1 (MPIF-1), NAP-2, Neurturin, Nerve growth factor, [i-NGF, NT-3, NT-4, 
30 Oncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RANTES, SDFla, SDFlp, SCF, 
SCGF, stem cell factor (SCF), TARC, TGF-a, TGF-P, TGF-p2, TGF-P3, tumour necrosis 
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factor (TNF), TNF-a, TNF-p, TNIL-1, TPO, VEGF, GCP-2, GRO/MGSA, GRO-p, 
GRO-yand HCC1. 

For some applications, a combination of some of these cytokines may be preferred, in - 
particular a combination which includes IL-3, IL-6 and SCF, for the maintenance and 
expansion of stem cell populations. For differentiation in vitro, further cytokines may be 
added such as GM-CSF and M-CSF to induce differentiation of macrophages or GM-CSF 
and G-CSF to obtain neutrophils. On reintroduction of the engineered cells into the 
individual from whom they were derived, the body's own mechanisms then permit the cells 
or their differentiated progeny to migrate into the affected area e.g. the tumour. 

Optionally, another NOI may be a suicide gene, expression of which in the presence of an 
exogenous substance results in the destruction of the transfected or transduced cell. An 
example of a suicide gene includes the herpes simplex virus thymidine kinase gene (HSV 
tk) which can kill infected and bystander cells following treatment with ganciclovir. 

Optionally another NOI may be a targeting protein (such as an antibody to the stem cell 
factor receptor (WO-A-92/17505; WO-A-92/21766). For example, recombinant 
(ecotropic) retroviruses displaying an antibody (or growth factor or peptide) against a 
receptor present on HSCs (CD34 or stem cell factor, for example) might be used for 
targeted cell delivery to these cells, either ex vivo by incubating unfractionated bone 
marrow with virus or by intravenous delivery of virus. 

NOIs may also include marker genes (for example encoding P-galactosidase or green 
fluorescent protein) or genes whose products regulate the expression of other genes (for 
example, transcriptional regulatory factors including the tet repressor/VP16 transcriptional 
activator fusion protein described above). In addition, NOIs may comprise sequences 
coding fusion protein partners in frame with a sequence encoding a protein of interest. 
Examples of fusion protein partners include the DNA binding or transcriptional activation 
domain of GAL4, a 6xHis tag and p-galactosidase. It may also be desirable to add 
targeting sequences to target proteins encoding by NOIs to particular cell compartments or 
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to secretory pathways. Such targeting sequences have been extensively characterised in the 
art. 

In a preferred embodiment, at least one NOI, operably linked to an HRE/promoter of the 
5 present invention encodes a HIF-1 transcription factor or a homologue or fragment thereof 
capable of binding to a HIF-1 binding site. Such a construct will provide an autoregulated 
system since in the presence of hypoxia, expression of HIF-1 from the HRE construct will 
increase and serve to further increase transcription from the HRE construct and other HRE 
constructs present. 



Enhancement of the hypoxic response by inhibiting VHL-mediated degradation of HIF 

Maxwell et al, (1999) have published evidence that suggests the tumour suppressor 
protein VHL targets hypoxia-inducible factors for oxygen-dependent proteolysis. Prior to 
15 this data has been published suggesting that in order to regulate hypoxia-inducible gene 
expression VHL requires binding to other proteins including elongins, B and C and Cul2 
(Lonergan, 1998). Disruption of this multiprotein complex may be a route to block the 
degradation of HIFs and thereby increase longevity/degree of expression of HRE regulated 
genes. There are several possible methods for inhibiting VHL function. 



A synthetic peptide derived from pVHL (for example amino acids 157-172) may be used to 
block the binding of full length endogenous pVHL to Elongin B and C. Introduction of 
this peptide into cells by standard transfection techniques preferably as part of a lipid 
complex, may prevent association of endogenous VHL with the rest of the complex 
25 resulting in the failure to degrade HIF. 

Alternatively, the VHL peptide may be co-expressed under the control of an HRE/promoter 
construct with another NOL The optional use of an IRES sequence will allow both the 
VHL construct and NOI to be expressed under the control of one regulatory sequence. 



Typically The VHL peptide, or other peptide that inhibits VHL function may be used in 
conjunction with an HRE autoregulated system where HRE controls expression of the 
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therapeutic/reporler gene in concert with expression of a HIF transcription factor. The 
latter may also be coordinately regulated by use of an IRES sequence. 

With respect to suitable peptides for inhibiting VHL function, the domain structure of 
proteins allows the design of proteins that retain certain features but are functionally silent 
for other e,g. maintain binding to one member of the complex but not to others. 
Expression of such a mutant protein would have a dominant negative effect on the normal 
protein:protein interaction ie would compete for binding with the wild type endogenous 
protein. 

An example of this would be to express mutant VHL (this could be designed using natural 
mutations found in patients with VHL-associated disease e.g. renal cell ca, 
hemangioblastomas) this would result in a reduction in proteolytic targeting of HIF and, as 
a consequence, increased HRE-dependent gene expression. In nature VHL mutation is 
frequently observed in the context of aberrant normoxic expression of HRE regulated 
genes such as those of the glycolytic enzymes. 

Thus, in another preferred embodiment, the NOI encodes a polypeptide capable of 
inhibiting binding of the tumour suppressor protein VHL (Maxwell et al., 1999) to one or 
more of elongin B, elongin C and Cul2 (Lonergan, 1998). As discussed above, suitable 
polypeptides include variants of wild type VHL or its binding partners that can compete for 
binding to the multiprotein complex. Suitable polypeptides may be identified, by for 
example, in vitro binding assays using VHL and/or one of its binding partners. Other 
screening techniques include two hybrid screens to identify interacting sequences. 

A particularly preferred peptide is a peptide consisting essentially of amino acids 157 to 
172 of the full length VHL sequence. 

Alternatively, the polypeptide capable of inhibiting binding of the tumour suppressor 
protein VHL to one or more of elongin B, elongin C and Cul2 may be introduced by other 
means, such as by separately transfecting a construct encoding the polypeptide into target 
cells, or by introducing pre-synthesised peptides. 
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Alternative approaches include expressing in a target cell inhibitory RNA molecules that 
effect the direct or indirect cleavage of VHL mRNA and/or precursor RNA. Inhibitory 
RNA molecules include antisense VHL constructs, ribozymes that cleave VHL mRNA and 
external guide sequences (EGSs). NOIs encoding said inhibitory RNA molecules may be 
introduced into nucleotide constructs, vectors and viral vectors of the present invention in a 
similar manner to that described above and below for other NOIs. Antisense VHL 
constructs are also included in a general sense since antisense inhibitory effects are 
mediated by mechanisms other than RNase cleavage. Thus NOIs that encode inhibitory 
RNA molecules that bind to and prevent VHL RNA processing and/or expression, for 
example splicing, transport and/or translation, are also included. 

Thus in another embodiment of the invention, the NOI encodes (i) one or more inhibitory 
RNA molecules that effect the direct or indirect cleavage of VHL mRNA and/or precursor 
RNA or (ii) one or more inhibitory RNA molecules that bind to and prevent VHL RNA 
processing and/or expression. 

C. Nucleic Acid Vectors 

Polynucleotides of the invention can be incorporated into a recombinant replicable vector. 
The vector may be used to replicate the nucleic acid in a compatible host cell. Thus in a 
further embodiment, the invention provides a method of making polynucleotides of the 
invention by introducing a polynucleotide of the invention into a replicable vector, 
introducing the vector into a compatible host cell, and growing the host cell under 
conditions which bring about replication of the vector. The vector may be recovered from 
the host cell. Suitable host cells include bacteria such as E. coli, yeast, mammalian cell 
lines and other eukaryotic cell lines, for example insect Sf9 cells. 

A vector comprising a polynucleotide of the invention which is operably linked to an NOI 
can be considered to be an expression vector since under suitable conditions, the NOI will 
be expressed under the control of the HRE/promoter construct of the present invention. 
However, it is not necessary for a vector of the invention to comprise an NOI. Nonetheless 
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it is possible to introduce an NOI into the vector at a later stage. Thus a vector of the 
invention which lacks an NOI can be considered to be a cloning vector. Preferably, a 
cloning vector of the invention comprises a multiple cloning site downstream of the 
HRE/promoter sequences to enable an NOI to be cloned into the vector when required 
whereby it is then operably linked to the HRE/promoter sequences. 

The vectors may be for example, plasmids, chromosomes, artificial chromosomes or virus 
vectors. The vectors may contain one or more selectable marker genes, for example an 
ampicillin resistance gene in the case of a bacterial plasmid or a neomycin resistance gene 
for a mammalian vector. Vectors may be used, for example, to transfect, transform or 
transduce a host cell either in vitro or in vivo. 

Non-viral delivery systems include but are not limited to DNA transfection methods. Here, 
transfection includes a process using a non-viral vector to deliver a gene to a target 
mammalian cell. Typical transfection methods include electroporation, DNA biolistics, 
lipid-mediated transfection, compacted DNA-mediated transfection, liposomes, 
immunoliposomes, lipofectin, cationic agent-mediated, cationic facial amphiphiles (CFAs), 
multivalent cations such as spermine, cationic lipids or polylysine, 1, 2,-bis (oleoyloxy)-3- 
(trimethylammonio) propane (DOTAP)-cholesterol complexes and combinations thereof. 

Viral delivery systems include but are not limited to an adenovirus vector, an adeno- 
associated viral (AAV) vector, a herpes viral vector, a retroviral vector, such as a lentiviral 
vector, a baculoviral vector and combination vectors such as an adenolenti viral vector. In 
the case of viral vectors, gene delivery is typically mediated by viral infection of a target 
cell. 



D. Viral Vectors 



Retroviruses 



The retroviral vector of the present invention may be derived from or may be derivable 
from any suitable retrovirus. A large number of different retroviruses have been identified. 
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Examples include: murine leukemia virus (MLV), human immunodeficiency virus (HIV), 
simian immunodeficiency virus, human T-cell leukemia virus (HTLV). equine infectious 
anaemia virus (EIAV), mouse mammary tumour virus (MMTV), Rous sarcoma virus 
(RSV), Fujinami sarcoma virus (FuSV), Moloney murine leukemia virus (Mo-MLV), FBR 
murine osteosarcoma virus (FBR MSV), Moloney murine sarcoma virus (Mo-MSV), - 
Abelson murine leukemia virus (A-MLV), Avian myelocytomatosis virus-29 (MC29), and 
Avian erythroblastosis virus (AEV). A detailed list of retroviruses may be found in Coffin 
et al, 1997, "Retroviruses", Cold Spring Harbour Laboratory Press Eds: JM Coffin, SM 
Hughes, HE Varmus pp 758-763. 

Details on the genomic structure of some retroviruses may be found in the art. By way of 
example, details on HIV and Mo-MLV may be found from the NCBI Genbank (Genome 
Accession Nos. AF033819 and AF033811, respectively). 

5 Retroviruses may be broadly divided into two categories: namely, "simple" and 
"complex". Retroviruses may even be further divided into seven groups. Five of these 
groups represent retroviruses with oncogenic potential. The remaining two groups are the 
lentiviruses and the spumaviruses. A review of these retroviruses is presented in Coffin et 
al., 1997 (ibid). 

'.0 

The lentivirus group can be split even further into "primate" and "non-primate". Examples 
of primate lentiviruses include human immunodeficiency virus (HIV), the causative agent 
of human auto-immunodeficiency syndrome (AIDS), and simian immunodeficiency virus 
(SIV). The non-primate lentiviral group includes the prototype "slow virus" visna/maedi 
25 virus (VMV), as well as the related caprine arthritis-encephalitis virus (CAEV), equine 
infectious anaemia virus (EIAV) and the more recently described feline immunodeficiency 
virus (FIV) and bovine immunodeficiency virus (BIV). 

A distinction between the lentivirus family and other types of retroviruses is that 
30 lentiviruses have the capability to infect both dividing and non-dividing cells. In contrast, 
other retroviruses - such as MLV - are unable to infect non-dividing cells such as those that 
make up. for example, muscle, brain, lung and liver tissue. 
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Each retroviral genome comprises genes called gag, pol and env which code for virion 
proteins and enzymes. In the provirus, these genes are flanked at both ends by regions 
called long terminal repeats (LTRs). The LTRs are responsible for proviral integration, . 
and transcription. LTRs also serve as enhancer-promoter sequences and can control the 
expression of the viral genes. Encapsidation of the retroviral RNAs occurs by virtue of a 
psi sequence located at the 5' end of the viral genome. 

The LTRs themselves are identical sequences that can be divided into three elements, 
which are called U3 ? R and U5. U3 is derived from the sequence unique to the 3' end of 
the RNA. R is derived from a sequence repeated at both ends of the RNA and U5 is 
derived from the sequence unique to the 5' end of the RNA. The sizes of the three 
elements can vary considerably among different retroviruses. 

The basic molecular organisation of an infectious retroviral RNA genome is (5') R - U5 - 
gag, pol, env - U3-R (3'). In a defective retroviral vector genome gag, pol and env may be 
absent or not functional. The R regions at both ends of the RNA are repeated sequences. 
U5 and U3 represent unique sequences at the 5' and 3' ends of the RNA genome 

respectively. 

Host range and tissue tropism varies between different retroviruses. In some cases, this 
specificity may restrict the transduction potential of a recombinant retroviral vector. For 
this reason, many gene therapy experiments have used MLV. A particular MLV that has 
an envelope protein called 4070A is known as an amphotropic virus, and this can also 
infect human cells because its envelope protein "docks" with a phosphate transport protein 
that is conserved between man and mouse. This transporter is ubiquitous and so these 
viruses are capable of infecting many cell types. 

In some cases however, it may be beneficial, especially from a safety point of view, to 
0 target specifically restricted cells. Replacement of the env gene with a heterologous env 
gene is an example of a technique or strategy used to target specifically certain cell types. 
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This technique is called pseudotyping and examples may be found in WO-A-98/05759, 
WO-A-98/05754, WO-A-97/1 7457, WO-A-96/09400 and WO- A-9 1/00047. 

The term "recombinant retroviral vector" (RRV) refers to a vector with sufficient retroviral 
genetic information to allow packaging of an RNA genome, in the presence of packaging 
components, into a viral particle capable of infecting a target cell. Infection of the target 
cell includes reverse transcription and integration into the target cell genome. The RRV in 
use typically carries non-viral coding sequences which are to be delivered by the vector to 
the target cell. An RRV is incapable of independent replication to produce infectious 
retroviral particles within the final target cell. 

In a typical recombinant retroviral vector for use in gene therapy, at least part of one or 
more of the gag, pal and env protein coding regions essential for replication may be 
removed from the virus. This makes the retroviral vector replication-defective. The 
removed portions may even be replaced by an NOI to generate a virus capable of 
integrating its genome into a host genome but wherein the modified viral genome is unable 
to propagate itself due to a lack of structural proteins. When integrated in the host genome, 
expression of the NOI occurs - resulting in, for example, a therapeutic and/or a diagnose 

effect. Thus, the transfer of an NOI into a site of interest is typically achieved by. 

integrating the NOI into the recombinant viral vector; packaging the modified viral vector 

into a virion coat; and allowing transduction of a site of interest - such as a targeted cell or 

a targeted cell population. 

Replication-defective retroviral vectors are typically propagated, for example to prepare 
suitable titres of the retroviral vector for subsequent transduction, by using a combination 
of a packaging or helper cell line and the recombinant vector. That is to say, that the three 
packaging proteins can be provided in trans. 

A "packaging cell line" contains one or more of the retroviral gag, pol and env genes. The 
0 packaging cell line produces the proteins required for packaging retroviral DNA but ,t 
cannot bring about encapsidation due to the lack of a p.si region. However, when a 
recombinant vector carrying an NOI and a psi region is introduced into the packaging cell 
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line, the helper proteins can package the /^/-positive recombinant vector to produce the 
recombinant virus stock. This virus stock can be used to transduce cells to introduce the 
NOI into the genome of the target cells. It is preferred to use a psi packaging signal, called 
psi plus, that contains additional sequences spanning from upstream of the splice donor to 
5 downstream of the gag start codon (Bender et aL 1987) since this has been shown to 
increase viral titres. 

The recombinant virus whose genome lacks all genes required to make viral proteins can 
tranduce only once and cannot propagate. These viral vectors which are only capable of a 
10 single round of transduction of target cells are known as replication defective vectors. 
Hence, the NOI is introduced into the host/target cell genome without the generation of 
potentially harmful retrovirus. A summary of the available packaging lines is presented in 
Coffin et aL, 1997 (ibid). 



15 Retroviral packaging cell lines in which the gag, pol and env viral coding regions are 
^ carried on separate expression plasmids that are independently transfected into a packaging 

cell line are preferably used. This strategy, sometimes referred to as the three plasmid 
transfection method (Soneoka et aL, 1995), reduces the potential for production of a 
replication-competent virus since three recombinant events are required for wild type viral 
20 production. As recombination is greatly facilitated by homology, reducing or eliminating 
homology between the genomes of the vector and the helper can also be used to reduce the 
problem of replication-competent helper virus production. 

An alternative to stably transfected packaging cell lines is to use transient transfected cell 
25 lines. Transient transfections may advantageously be used to measure levels of vector 
production when vectors are being developed. In this regard, transient transfection avoids 
the longer time required to generate stable vector-producing cell lines and may also be used 
if the vector or retroviral packaging components are toxic to cells. Components typically 
used to generate retroviral vectors include a plasmid encoding the gag/pol proteins, a 
30 plasmid encoding the env protein and a plasmid containing an NOI. Vector production 
involves transient transfection of one or more of these components into cells containing the 
other required components. If the vector encodes toxic genes or genes that interfere with 
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the replication of the host cell, such as inhibitors of the cell cycle or genes that induce 
apotosis, it may be difficult to generate stable vector-producing cell lines, but transient 
transfection can be used to produce the vector before the cells die. Also, cell lines have 
been developed using transient transfection that produce vector titre levels that are 
comparable to the levels obtained from stable vector-producing cell lines (Pear et aU 
1993). 

It is highly desirable to use high-titre virus preparations in both experimental and practical 
applications. Techniques for increasing viral titre include using a psi plus packaging signal 
discussed above and concentration of viral stocks. In addition, the use of different 
envelope proteins, such as the G protein from vesicular-stomatitis virus has improved litres 
following concentration to 10' per ml (Cosset et al., 1995). Another technique is the split 
system for constructing retroviral vectors. This will be described later. 



10 as 



intron : 



,5 in addition to manipulating the retroviral vector with a view to increasing vector titre, 
retroviral vectors have also been designed to induce the production of a specific NOI in 
transduced cells. As already mentioned, the most common retroviral vector design 
involves the replacement of retroviral sequences with one or more NOls to create 
replication-defective vectors. With regard to regulation of expression of the NOI, there are 

20 three main approaches currently in use. 

1. The simplest approach has been to use the promoter in the retroviral 5' LTR to 
control the expression of a cDNA encoding an NOI or to alter the enhancer/promoter of 
the LTR to provide tissue-specific expression or inducibility. Where multiple NOIs are 
25 inserted, the additional downsteam NOIs can be expressed from a polycistronic mRNA by 
the use of internal ribosome entry sites. 

2 The NOI may be operably linked to an internal heterologous promoter. This 
arrangement permits more flexibility in promoter selection. Additional NOIs can still be 
30 expressed from the 5 'LTR or the LTR can be mutated to prevent expression following 
infection of a target cell. 
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3. 



, The NO! is inserted together with regulatory controi elements in the reverse 
orientation to the 5'LTR. Genomic sequences inciuding enhancers, promoters tntrons and 

tissue-specific gene expression. 

,„ addition, we have now shown that there is a particular advantage to configuring 
retrovira, vectors, in particular ,e„,iviral vectors, as single transcript unit vec ors 
where* the HRE, P romo,er construct of the invention is placed withtn the 3XTR such that 
• ft u VTTR also leads to duplication of the regulatory sequence 
the resultant duplication of the 3 LTR also leaas v 

n ♦«;„ thr HRE/nromoter construct duplicated trom 
0 (i e the 5'LTR of the provirus will contain the HRfc/promo 

u „ that this arrangement enhances the activated response to 
the 3' LTR) We have now shown that this arrangement. 

hypoxia in a synergistic manner. Consequently, it is preferred to use a «' ^ 
which comprises an HRE/promoter of the invention within its LTR. More speedily, he 
HRE/promoter constat (op.io.lly together with any additiona, regulatory sequen 
l5 su ch Is tissue-specific enhancer Cements) may he inserted into the 3' U re,on of ,h 
retrovira, vector or the 5' U5 region, most preferably the ,• U3 reg.on. Preferably, h^NO 
is no, also inserted tnto the LTR since the resulting two copies in the provtrus can *«- 
the size of the NO. which can be accommodated by the retrovira, vector, .nstead, the NO 
is preferably inserted into the region of the retrovira, vector which is normaUy oceup.ed by 
20 the env gene. 

The NO, may or may no, indude a se,ectab,e marker. If*, vector contains an NO, that is 
no, a se.ectab.e marker, ,he vector can be introduced into pacing ce„s by c - 
transfection with a se,ec,ab,e marker presen, on a separa,e prasmid. This s«ra* g , » 
25 appeahng advance for gene rherapy in ,ha, a s,ng,e protein is expressed m the u„,m*e 
t r 8 e. cells and poss.ble toxicity or anugenicity of a selectable marker ,s — 
However, when the inserted gene is no, se,ec,ab,e, ,his approach has «- — * 

usually more difficult to determine the litre of the vector. 

30 

The current methodo,ogies used to design retroviral vectors ma, express ,wo or more 
pro,eins have relied on ,hree genera, s,ra,egies. These include. <i) ,he express.on of 
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different proteins from alternatively spliced mRNAs transcribed from one promoter; (ii) 
the use of the promoter in the 5' LTR and internal promoters to drive transcription of 
different cDNAs and (iii) the use of internal ribosomal entry site (IRES) elements to allow 
translation of multiple coding regions from either a single mRNA or from fusion proteins 
that can then be expressed from an open reading frame. 

Vectors containing internal heterologous promoters have been widely used to express 
multiple genes. An internal promoter makes it possible to exploit promoter/enhancer 
combinations other than the viral LTR for driving gene expression. Multiple internal 
promoters can be included in a retroviral vector and it has proved possible to express at 
least three different cDNAs each from its own promoter. 

Lentiviruses 

The lentivirus group can be into "primate" and "non-primate". Examples of primate 
lentiviruses include human immunodeficiency virus (HIV), the causative agent of human 
auto-immunodeficiency syndrome (AIDS), and simian immunodeficiency virus (SIV). 
The non-primate lentiviral group includes the prototype "slow virus" visna/maedi virus 
(VMV), as well as the related caprine arthritis-encephalitis virus (CAEV), equine 
infectious anaemia virus (EIAV) and the more recently described feline immunodeficiency 
virus (FIV) and bovine immunodeficiency virus (BIV). 

A distinction between the lentivirus family and other types of retroviruses is that 
lentiviruses have the capability to infect both dividing and non-dividing cells. In contrast, 
other retroviruses - such as MLV - are unable to infect non-dividing cells such as those that 
make up, for example, muscle, brain, lung and liver tissue. Thus, lentiviral vectors may 
advantageously be used in the present invention since lentiviruses are capable of infecting a 
wide range of non-dividing cells, by contrast to certain other retroviruses that require cell 
division for stable integration. 

A number of vectors have been developed based on various members of the lentivirus sub- 
familiy of the retroviridae and a number of these are the subject of patent applications 
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(WO-A-98/18815; WO-A-97/12622). Preferred lentiviral vectors are based on HIV, SIV or 
EIAV. The simplest vectors constructed from HIV-1 have the complete HIV genome 
except for a deletion of part of the env coding region or replacement of the «/ coding 
region. Notably these vectors express gag/pol and all of the accessory genes hence require 
only an envelope to produce infectious virus particles. Of the accessory genes vif, vpr, vpu 
and «/aie non-essential. More recently however vectors have been described that are 
efficient yet lack most or all of the accessory factors, for example Blomer et al., 1997 and 
Kim et «/., 1998. Thus a lentiviral vector of the invention preferably lacks at least one 
accessory gene, more preferably all accessory genes. 

One preferred general format for HIV-based lentiviral vectors is, HIV 5'LTR and leader, 
some gag coding region sequences (to supply packaging functions), a reporter cassette, the 
rev response element (RRE) and the 3'LTR. In these vectors gag/pol, accessory gene 
products and envelope functions are supplied either from a single plasmid or from two or 
more co-transfected plasmids, or by co-infection of vector containing cells with HIV. 
More recently the lentiviral vector configurations have been further refined. For example 
self inactivating HIV vectors have been produced where the HIV LTR is deleted to restnet 
expression to the internal cassette (Myoshi et al., 1998). 

, In a preferred embodiment, the lentiviral vector of the present invention is a non-primate 
lentiviral vector, for example EIAV. We have shown recently (U.K. patent application nos. 
981 1037 2 and 9727135.7) that the amount of vector genomic sequence required from a 
non-primate lentivmis to produce an efficient cloning vector is substantially less than has 
been described for an HIV vector. We have shown that a minima. EIAV vector lackmg 
5 large regions of the gag gene suffices for efficient packaging and indeed leads to higher 
viral litres. Thus, a minimal EIAV genome vector typically comprises a promoter and 
optionally an enhancer capable of directing expression of a retroviral vector genome 
comprising, in order, the following elements from an EIAV: part of the 5'LTR containing 
an R-region and a U5 region; sequences from the 5 'untranslated region of the gag gene 
30 containing a functional packaging signal and a portion of the gag coding sequence; an 
insertion site for a gene of interest and a 3'LTR from EIAV. The 3' LTR may be a hybrid 
LTR containing at least the polypurine tract and R-U5 region from an EIAV and sequences 
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from another source .o replace a., or par. of .he U3 region. Al.=ma.ively, .he R region in 
the 5' and 3' LTRs may be replaced. WO-A-96/33623 describes a me.hod for replacmg 
both the U3 and R regions of retroviral vector genomes. 

Preferably, the portion of the gag gene coma.ns less than the firs, 350 nucleotides of the 
gag coding region, more preferably only .he firs. 150 or 109 nucleotides of the gag codtng 
region, only about the first 109 nucleotides being especially preferred. 

to a particularly preferred embodiment of the first aspect of the invention, a hCMV-MIE 
promoter enhancer is used to direct expression of the retroviral RNA transcript. The U3 
region enhancer may, for example, be replaced by a hypoxta responsive enhancer (HRE) of 
the present invention and an SV40 or MLV promoter. 

The minimal E1AV vector also lacks 82, Ta,, Rev and dUTPase genes bu, may still be used 
in vector production or for transduction of dividing and non-dividing cells. The vol 
genome may .ypicaUy be packaged in cells by providing gagpol 1 env funcuons m „* 
For example DNA sequences encoding gagpol and env may be co-introduced m.o a 
along with the minimal vector as described above for retroviruses in general. Preferably 
the gagpol sequence ,s of non-prima.e lentivira, origin. I. is particularly advantageous to 
, include the leader sequences between the end of the 5' LTR and the ATO star, codon of 
gag upstream of the gagpol coding sequence ,o provide for maximum gagpol expressron. 
I, may also be desirable to include .he Rev and/or RRE sequences although .Ins ts not 
essential and may be eliminated by codon optimisation of the E1AV gagpol. 



25 Retroviral Split Inlron Technology 

Transition of the proviral DNA recreates .he fu.l length vira, RNA genomic and 
subgenomic-sized RNA molecules ma, are generated by RNA processing. Typtcally, al 
RNA produce serve as templates for the production of vira, proteins. The expression o 
30 .he RNA products is achieved by a combination of RNA .ransenp. splicing and nbosomal 

frameshifting during translation. 
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RNA transcript splicing is carried out in higher eukaryotic cells by nuclear RNA 
processing machinery (the spliceosome) that recognises short consensus sequences at the 
boundaries of the sequences to be spliced. These consensus splice sites follow the so- 
called 'GT-AG rule' (although in the RNA sequence GT is of course GU). The 5' site, or - 
the splice donor (SD), has a highly conserved GT dinucleotide at the first exon-intron 
boundary and the 3' site, or the splice acceptor (SA), has a highly conserved AG 
dinucleotide at the second exon-intron boundary. These consensus sequences confer 
directionality on the splicing process. Splice sites have been shown to be generic - they do 
not have specificity for particular RNA precursors and can be spliced by any cell. The 
splicing process also depends on the presence of a sequence within the region to be spliced 
out called a branch site. The branch site is usually lies between 18 to 40 nucleotides 
upstream of the 3' SA and is believed to identify the nearest SA as the correct splice site 
for connection to the 5" SD. 

Unlike most cellular mRNAs, in which all introns are efficiently spliced, newly 
synthesised retroviral RNA must be diverted into two populations. One population 
remains unspliced to serve as the genomic RNA and the other population is spliced to 
provide subgenomic RNA. 

In simple retroviruses, one population of newly synthesised retroviral RNA remains 
unspliced to serve as the genomic RNA and as mRNA for gag and pel. The other 
population is spliced, fusing the 5' portion of the genomic RNA to the downstream genes, 
most commonly env. Splicing is achieved with the use of a splice donor positioned 
• upstream of gag and a splice acceptor near the 3' terminus of pal. The intron between the 
; splice donor and splice acceptor that is removed by splicing contams the gag and pel 
genes. This splicing event creates the mRNA for envelope (Env) protein. Typically the 
splice donor is upstream of gag but in some viruses, such as ASLV, the splice donor is 
positioned a few codons into the gag gene resulting in a primary Env translation product 
that includes a few amino-terminal amino acid residues in common with Gag. The Env 
0 protein is synthesised on membrane-bound polyribosomes and transported by the cell's 
vesicular traffic to the plasma membrane, where it is incorporated into viral particles. 
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Complex retroviruses generate both singly and multiply spliced transcripts that encode not 
only the cm gene products but also the sets of regulatory and accessory proteins unique to 
these viruses. Compex retroviruses such as the lentiviruses, and especially HIV, provide 
striking examples of the complexity of alternative splicing that can occur during retroviral 
infection. For example, it is now known that HIV-1 is capable of producing over 30 
different mRNAs by sub-optimal splicing from primary genomic transcripts. This 
selection process appears to be regulated as mutations that disrupt competing splice 
acceptors can cause shifts in the splicing patterns and can affect viral infectivity. 

The ability of higher eukaryotic cells to splice sequences between a 5' SD and a 3' SA can 
be utilised by retroviral vectors according to the present invention. In split-intron 
technology (described in PCT/GB98/02885), a retroviral vector is constructed which 
comprises a first nucleotide sequence (NS) capable of yielding a functional splice donor 
site (FSDS) and a second NS capable of yielding a functional splice acceptor site (FSAS); 
wherein the first NS is downstream of the second NS and is present in the sequences within 
the 3' LTR (the U3 region) of the retroviral vector that are duplicated in the 5' LTR as a 
result of reverse transcription of the RNA form of the retroviral vector into the DNA form 
that integrates into a host cell genome. Since the first NS capable of yielding an FSDS is 
downstream of the second NS capable of yielding an FSAS, splicing will not occur in the 
retroviral vector using these sites. However, in the reverse-transcribed DNA form of the 
vector, such as the integrated provirus, the first NS is now upstream of the second NS and 
thus a functional 5' splice donor - 3' splice acceptor pairing is generated. Consequently, 
when transcription occurs from the provirus, the resulting RNA is capable of being spliced 
to remove intervening sequences between the FSDS and the FSAS. Depending on the 
nature of the sequences which are spliced from RNA transcripts produced from the 
provirus, this process has several applications. 

A preferred embodiment in which split-intron technology may preferably be used relates to 
a hybrid vector system (see above). In this system, the retroviral genome delivered by the 
0 primary viral vector, such as an adenoviral vector, to a primary target celll is in a 
configuration such the first NS is downstream of the second NS. Thus, splicing out of 
sequences between the first NS and second NS using the first NS as a splice donor and the 
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second NS as a splice acceptor should not occur since they are in the wrong orientation. 
However, the viral particles packaged by the primary target cell may be used to infect a 
secondary target cell. In the secondary target cell, reverse transcription and integration of 
the viral genome will typically occur. This will result in a functional splice donor/splice 
acceptor configuration since the FSDS will then be located in the 5' LTR, i.e. upstream of 
the FSAS. Splicing may then occur to remove the sequences between the FSDS and 
FSAS. 

The nucleotide sequence between the 5' LTR and the second NS in the retroviral vector 
that is found between the FSAS and FSDS in the provirus may contain an NOI. The NOI 
may contain sequences that are essential for production of viral particles, for example env 
or gagpol sequences. Since the NOI will be spliced out from proviral transcripts, the 
provirus will not be able to give rise to viable viral particles. This will, for example, allow 
construction of adeno retroviral vectors that contain NOIs encoding viral components and 
gene products of interest, such as therapeutic polypeptides, that have the added safety 
feature of not being able to produce said viral components when the viral particles 
assembled in the primary target cells are introduced into secondary target cells. 

A further embodiment allows the expression of an NOI in a secondary target cell and not a 
primary target cell. In one alternative of this embodiment, removal of the intervening 
sequences between the FSDS and the FSAS in the proviral RNA transcript brings a 
regulatory sequence that is 5' to the FSDS in the proviral genome near to the 5' end of an 
NOI that was 3' to the FSAS in the proviral genome such that the regulatory sequence is 
now operably linked to the NOI and can direct transcription from the NOI whereas when 
the intervening sequences were present, the regulatory sequence was not operably linked to 
the NOI. Although the regulatory sequence may be upstream of the NOI in the retroviral 
vector, in a preferred embodiment the regulatory sequence is upstream of the first NS in the 
retroviral vector, within the U3 region of the 3' LTR such that it is downstream of the NOI. 
Thus, only when reverse transcription of the retroviral RNA takes place in the secondary 
0 target cells is the regulatory sequence positioned 5' of the NOI. 
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In summary, therefore, NOIs which are positioned between the FSDS and the FSAS (and 
are therefore upstream of the second NS in the retroviral vector) are sequences that will 
typically be spliced out of the viral RNA transcript produced by the provirus in the 
secondary target cell. Such NOIs may therefore include, but are not limited to, retroviral 
sequences required for assembly of retroviral particles in the primary cells. These include 
env sequences, gagpol sequences, sequences encoding essential accessory genes and/or 
packaging sequences. NOIs which are positioned downstream of the FSAS in the proviral 
genome (and therefore also downstream of the second NS in the retroviral vector) will 
therefore typically include, but are generally not limited to, sequences encoding gene 
products that it is desired to express in the secondary target cells, such as therapeutic 
products. 

It will be appreciated that in the context of an adenoretroviral hybrid system, the reference 
to retroviral vector includes the retroviral genome sequences present in a primary 
adenoretroviral vector as well as the subsequent RNA genome produced in the primary 
target cells and subsequently packaged into viral particles. 

As discussed above, functional splicing sequences also require a branch sequence which is 
found 5' and near to the FSAS (and consequently to the second NS) and therefore a 
suitable branch sequence should be present. It should also be appreciated that construction 
of split-intron vectors may required functional inactivation of existing functional splice 
donor sites, for example to prevent splicing in the retroviral RNA genome transcribed in 
the primary target cells. Typically, this may be achieved by mutating the GT dinucleotide 
consensus, for example to GC, using standard techniques. 



Adenoviruses 

The adenovirus is a double-stranded, linear DNA virus that does not go through an RNA 
intermediate. There are over 50 different human serotypes of adenovirus divided into 6 
subgroups based on the genetic sequence homology all of which exhibit comparable 
genetic organisation. Human adenovirus group C serotypes 2 and 5 (with 95% sequence 
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homology) are most commonly used in adenoviral vector systems and are normally 
associated with upper respiratory tract infections in the young. 

The adenoviruses/adenoviral vectors of the invention may be of human or animal origin. 
As regards the adenoviruses of human origin, preferred adenoviruses are those classified in 
group C, in particular the adenoviruses of type 2 (Ad2), 5 (Ad5), 7 (Ad7) or 12 (Adl2). 
More preferably, it is an Ad2 or Ad5 adenovirus. Among the various adenoviruses of 
animal origin, canine adenovirus, mouse adenovirus or an avian adenovirus such as CELO 
virus (Cotton et al, 1993) may be used. With respect to animal adenoviruses it is preferred 
to use adenoviruses of canine origin, and especially the strains of the CAV2 adenoviruses 
[manhattan strain or A26/61 (ATCC VR-800) for example]. Other adenoviruses of animal 
origin include those cited in application WO-A-94/26914 incorporated herein by reference. 

As mentioned above, the organisation of the adenovirus genome is similiar in all of the 
adenovirus groups and specific functions are generally positioned at identical locations for 
each serotype studied. The genome of adenoviruses comprises an inverted terminal repeat 
(ITR) at each end, an encapsidation sequence (Psi), early genes and late genes. The mam 
early genes have been classified into an array of intermediate early (Ela), delayed early 
(Elb E2a, E2b, E3 and E4), and intermediate regions (see diagram below). Among these, 
the genes contained in the El region in particular are necessary for viral propagation. The 
main late genes are contained in the LI to L5 regions. The genome of the Ad5 adenovirus 
has been completely sequenced and is available on a database (see particularly Genbank 
Accession No. M73260). Likewise, parts, or even all of other adenoviral genomes (such as 
Ad2, Ad7, Adl2) have also been sequenced. 

For use as recombinant vectors, an adenovirus is typically modified so as to make it 
incapable of replicating in an infected cell. 

Thus, constructs described in the prior art include adenoviruses deleted for the El region, 
30 essential for viral replication, into which are inserted the heterologous DNA sequences 
(Levrero et al., 1991; Gosh-Choudhury et al., 1986). Moreover, to improve the properties 
of the vector, it has been proposed to create other deletions or modifications in the 
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adenovirus genome. Thus, a heat-sensitive point mutation has been introduced into the 
,s>25 mutant, making it possib.e to inactivate the 72kDa DNA-binding protein (DBP). 
Preferably a recombinant adenoviral vector used in the invention comprises a delet,on m 
the El region of its genome. More particularly, it compnses a deletion in the Ela and Elb ... 
regions. According to a particularly preferred mode, the El region ,s inactivated by 
deletion of a PvuH-BglU fragment stretching from nucleotide 454 to nucleotide 3328, m 
the Ad5 adenovirus sequence (Genbank Accession No. M73260). In another preferred 
embodiment, the El region is inactivated by deletion of an H,nn,-Sau3A fragment 
stretching from nucleotide 382 to nucleotide 3446. 

Other adenoviral vectors comprise a dektion of another region essentia, for viral 
replication and/or propagation, the E4 region. The E4 region is involved in the regulatton 
of the expression of the late genes, in the stability of the late nuclear RNAs, in decreasing 

a ;„ th* pfficiencv of the replication of the viral DNA. 
host cell protein expression and in the elticiency 01 iw f 

Adenovira. vectors in which the El and E4 regions are deleted therefor, possess very 
reduced viral gene expression and transcriptional background noise. Such vectors have 
been described for example in applications WO-A-94,28,52, 
WO-A-96/22378. In addition, vectors carrying a modification of the ,Va2 gene have also 
been described (WO-A-96/10088). 

According to a preferred variant, a recombinant adenoviral vector used in the invention 
comprises, in addition, a deletion in the E4 region of its genome. More part.cu.arly, 
deletion in the E4 region affects a,l the open reading frames. There may be mentioned, y 
way of a precise example, deletions of nuc.eotides 33466-35535 or 33093-35535. .n 
25 particular, preferred vectors comprise a de.e.ion of the whole of the E4 region. This may be 
carried deletion or excision of an Maell-Mscl fragment correspondmg to nucleoudes 

f A^oti™* in the E4 region are described in applications WO- 
35835-32720. Other types of deletions in tne eh rc^uu a v. 

A-95/02697 and WO-A-96/22378, incorporated herein by reference. 

30 Alternatively, only a functional part of E4 is deleted. This part comprises at least the ORF3 
and ORF6 frames. By way of example, these coding frames can be deleted from the 
genome in the form of PvuII-A.uI and Bglll-Pvull fragments respecuvely, corresponding 
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to nucleotides 34801-34329 and 34115-33126 respectively. The deletions of the E4 region 
of the virus Ad2 dl808 or of viruses Ad5 d!1004, Ad5 dU007, Ad5 dllOU or Ad5 d!1014 
can also be used within the framework of the invention. 

The positions given above refer to the wild-type Ad5 adenovirus sequence as published 
and accessible on a database. Although minor variations may exist between the vanous 
adenovirus serotypes, these positions are generally applicable to the constructs of 
recombinant adenoviruses according to the invention from any serotype, and espec ia ll y the 

adenoviruses Ad2 and Ad7. 

Moreover, the adenoviruses produced may possess other alterations in their genome. In 
particuiar, other regions may be deleted to increase the capacity of the virus and reduc* » 
side effects linked to the expression of viral genes. Thus, all or par. of the E3 or IVa2 
region in parucular may be deleted. As regards the E3 region, i, may however be 
, particularly preferred to conserve the par. encoding the gp!9K protein. This protein .ndeed 
makes it possible .o prevent the adenoviral vec.or from becoming .he subject of an tmmune 
reaction which (i) would limit its action and (ii) could have undesirable s.de effect, 
Accordmg to a specific mode, the E3 region is deleted and the sequence encodmg the 
gpl9K protein is reintroduced under the control of a heterologous promoter. 

The polynucleotide of the inven.ion/NOl can be inserted into various srtes of the 
recombinant genome. It can be inserted a. in.o ,he El, E3 or E4 reg.on, as a replacemen. 
for the deleted or surplus sequences. It can also be inserted into any other site, outs.de the 
sequences necessary in cis for the production of the viruses (ITR sequences and 

25 encapsidation sequence). 

The E2 region ,s essen,ial as i. encodes .he 72 kDa DNA binding pro.ein, DNA polymerase 
and the 80 kDa precurser of the 55 kDa Terminal Protein (TP) needed for protein pnmmg 



to initiate DNA synthesis. 



30 



An alternative approach to making a more defective virus has been to "gut" the virus 
completely maintaining only the terminal repeats required for viral replication. The 
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"gutted" or "gutless" viruses can be grown to high titres with a first generation helper virus 
in the 293 cell line. 

The recombinant adenoviruses are typically produced in an enc*psida.,on cell line, which , 
is a cell line capable of complementing in trans one or more of ore functions deftcten, m 
t „e recombinant adenoviral genome. One of these lines is for example line 293, into whtch 
part of the adenovirus genome has been integrate*. More preciseiy, line 293 is a human 
Kidney embryonic eel, line containing the left end (about 1.-12%) of the 
serotype 5 adenovirus (Ad5), comprising the left ITR, the encapsidahon region, the 
region, inc.udtng Ela and Elb, the region encoding protein pIX and par, of One regton 

encoding protein plVa2. This line is capab.e of transcomplementing recombman. 

adenoviruses defective for the El regton, tha, is to say lacking aU or par, of the El Kg**. 

and of producing vira, stocks having high ,i,res. This line is also capable of producing, a, a 

permissive temperature (32-Q, virus stocks comprising, in addUion, the heat-senstttve 

mutation. 

Other cell lines capable of complementing the El region have been described, based in 
particular on human lung carcinoma cells A549 (WO-A-94/28,52) or on human 
retinoblasts (Hum. Gen. Tner. (.996) 2.5). Moreover, cell Unes capab.e of 
„ transcomp.ementing severa. adenovirus functions have a.so been described, for example 
eel. lines complementing the E. and E4 regions (Yeh * a,., .996a. b; Kroughak * a 

,995) and lines commenting the E. and E2 regions (WO-A-94/28152, 

WO-A-95/02697, WO-A-95/27071). 

25 The recombinant adenoviruses are usual.y produced by tntroducing the vtral DNA into the 
encapsidation Hue, fol.owed by lysis of the ce..s after about 2 or 3 days (the kinetics of the 
adenoviral cycle being 24 to 36 hours). Fo, carrying ou, the process, the vtral DNA 
unreduced may be the complete recombman. viral genome, optionally constructed m a 
bacterium (WO-A-96/25506) or in a yeas, (WO-A-95/03400), .ransfected into <he cells. 
30 may also be a recombinant virus used ,o infec, ,he encapsidation line. The vira. DNA may 
also be tntroduced ,n the form of fragment each canying par. of the recombinant v,ra. 
genome and a region of homo.ogy which makes it possib.e. after .reduction ,n.o the 
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encapsidatton cell, .o restitute ,he recombinant viral genome by homologous 
recombination between the various fragments. 

Replication-competent adenoviruses can aiso be used for gene therapy. For examp.e, the 
Eta gene can be inserted into a firs, generation virus under the regulation of a tumour- 
specific promoter. In theory, following injection of the vims into a tumour, ,. could 
replicate specified in the tumour but no. in the surround.ng normal cel., Th.s type of 

vector could be used Cher .0 kill .umour cells directly by lysis or .0 deliver a W. 

ge „=" such as ,he herpes-simplex-virus thymidine-kinase gene (HSV ,*> which can kdl 

infected and bystander cells following treatment with ganciclovir. 

Thus given that the HRE construe, of the present invention may be preferentially active in 
certain tumour tissue by virtue of the hypoxic conditions that exist within many sohd 
tumour masses, the present invention provides an adenovirus vector compnsmg a 
polynucleotide of the invention operably nuked ,0 a nucleic acid sequence encodtng an 
adenoviral Ela polypeptide. The Ela polypeptide under the control of the HRE enhancer 
would only be expressed under hypoxic conditions and therefore the adenovtrus would 
o„.y be replication competent under hypoxic conditions. The adenovirus .acks an 
endogenous E, gene, and preferably also lacks an endogenous E3 gene. Other regtons of 
, the adenovirus genome which may be deleted are described above. It may also be 

element such that host cel. immune modulation is balances ,0 obtain me correc, v,ra. 
spread within the tumour and immune response to infected cells. 

a An adenovirus defective on.y for Elb has been used specific* for anti.umour treatment 
in phase-, clinical trials. The polypeptides encoded by Elb are able to block pSS-medrated 

u u fr«m VilHne itself in response to viral infection. Thus, in 
apoptosis, preventing the cell from killing useu f 

normal non tumour cells, in the absence of Elb, the virus is unable ,0 block apoptosts and 
is thus unable .0 produce infectious virus and spread. In tumour cells deficient tn P 53, the 
,0 Elb defective v.rus can grow and spread .0 adjacent p53-defec.ive tumour cells but no. .0 
normal cells. Again, this type of vecor could also be used .„ deliver a «herapeu.ic gene 

such as HSV tk. 
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c a *w thp Fla exoressine adenoviruses of the present invention 
Consequently, it is preferred that the Ela-expressing 

lack a functional Elb gene. 

Other essentia, viral genes may aiso be placed under the control of a hypoxia responsive 

regulatory element. 

Hybrid vector systems 

Hybrid adenovinis/retrovirus systems may also be used whereby the features of 
adenoviruses are combined with the genetic stabihty of retroviruses. These hybrid vira 
vectors use the adenovirus to transduce target cel.s when then become transient retrovira, 
producer cells that can stably infect neighbouring cells. 

A hybrid viral vector system of the present invention comprises one or more primary vira, 
vectors which encode a secondary vira. vector, the primary vector or vectors being capable 

. 11 „„h n f mcnresstaE therein the secondary viral vector, which 
of infecting a first target cell and ot expressing u.ei 

secondary vector is capable of transducing a secondary target cell. 

Thus a genetic vector of the invention consists of a primary vector manufactured in vHro 
which encodes the genes necessary to produce a secondary vector in vivo. In use, the 
secondary vector carries one or more selected genes for insertion into the secondary target 
cel.. The se.ec.ed genes may be one or more marker genes and/or therapeutic genes (see 

above). 

The primal viral vector or vectors may be a variety of different vra, vectors, such as 
retrovira, (inc.uding .entiviral), adenoviral, herpes virus or pox virus vectors, or » the case 
of multiple primary viral vectors, they may be a mixture of vectors of different vira, origin. 
,n whichever case, the pnmary vira, vectors are preferab.y defective in that they are 
incapabie of independent replication. Thus, they are capable of entering a target cell and 
delivering the secondary vector sequences, bu, not of replicating so as to go on to mfec. 
further target cells. 
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In the case where the hybrid viral vector system comprises more than one primary vector to 
encode the secondary vector, all of the primary vectors will be used to infect a primary 
target cell population, usually simultaneously. Preferably, there is a single primary viral , 
vector which encodes all components of the secondary viral vector. 

The preferred single or multiple primary viral vectors are adenoviral vectors. Adenovirus 
vectors have significant advantages over other viral vectors in terms of the titres which can 
be obtained from in vivo cultures. The adenoviral particles are also comparatively stable 
compared with those of enveloped viruses and are therefore more readily purified and 
stored. 

The seconds viral vector is preferably a retroviral vector, more preferably a lentiviral 
vector The construction of an adenolentiviral system is described in the Examples. The 
secondary vector is produced by expression of essentia, genes for assembly and pacing 
of a defective viral vector particle, within the primary targe, cells. 1. is defective m that ■« 
is incapable of independent replication. Thus, once the secondary retroviral vector has 
.educed a secondary targe, cel., it is tncapable of spreading by replication ,o a*y further 
target cells. 

The secondary veCor may be produced from expression of essentia, genes for retroviral 
vector production encoded in the DNA of .he primary vec.or. Such genes may include a 
gag-pol gene from a retrovirus, an envelope gene from an enveloped virus and a defective 
retroviral genome containing one or more therapeutic genes. The defective retrov.ra 
,5 genome contains in general terms sequences to enable reverse transcription, a. leas, par. of 
a 5' long terminal repeat (LTR), at leas, part of a 3"LTR and a packaging stgnal. 

importantly, me secondary vecor is also safe for to v,V. use in ,hat tncorporated into i, are 
one or more safety features which e.tminate the possibility of recombination to produce an 
30 infectious virus capable of independent replication. 
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To ensure ,ha« ,. is replication defective .he secondary vector may be encoded by a 
plurality of transcription units, which may be located in a single or in two or more 
adenoviral or other primary vectors. Thus, there may be a transcription unit encodtng the 
secondary vector genome, a transection unit encoding gag-po! and a transcripts un.t 
encoding env. Alternatively, two or more of these may be combined. For example, nuc!e,c 
acid sequences encoding gag-po! and m . or env and the genome, may be comb.ned tn a 
single transcription unit. Ways of achieving this are known in the art. 

Transcription units as described herein are regions of nudeic acid containing coding 
sequences and the signals for achieving expression of those coding sequences 
independently of any outer coding sequence, Thus, each transition unit genenally 
compnses a. least a promoter, an enhancer and a polyadenylation signal. The promoter and 
enhancer of the transcription units encoding the seconda^ vector are preferably strongly 
active, or capable of being strongly induced, in the primary target cells under conditions for 
production of the secondary vira. vector. The promoter and/or enhancer may he 
constitutive!, efficient, or may be tissue or temporaUy restricted in their acfvtty. 

Safety features which may be incorporated into the hybrid vira. vector system are described 
below. One or more such features may be present. 

Firstly, sequence homology between the sequences encoding the components of the 

• i j u v deletion of regions of homology. Regions ot 
secondary vector may be avoided by deletion oi rcg 

homology allow genetic recombination to occur. In a particular embodiment, three 
transition units are used to construct a secondary retrovira, vector. A firs, transenptton 
25 unit contains a retrovira! gag-po, gene under the control of a non-retroviral promoter and 
enhance, A second transcription unit contains a retroviral env gene under the control of 
non-retroviral promoter and enhance, A third transcription unit comprises a defeefve 
retroviral genome under the control of a non-retroviral promoter and enhancer. In the 
native retroviral genome, the packaging signal is located such that par, of the gag sequence 
,„ is required for proper functioning. Normally when retrovira, vector systems are 
constructed therefore, the packaging signal, including part of the gag gene, remams m the 
vector genome. In the present case however, the defective retrovtra, genome centaurs a 
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minimal packaging signal which does not contain sequences homologous to gag sequences 
in the first transcription unit. Also, in retroviruses, for example Moloney Murine 
Leukaemia virus (MMLV), there is a small region of overlap between the 3' end of thepo/ 
coding sequence and the 5' end of en,. The corresponding region of homology between 
the first and second transcription units may be removed by altering the sequence of either 
the 3' end of the pal coding sequence or the 5' end of en, so as to change the codon usage 
but not the amino acid sequence of the encoded proteins. 

Secondly, the possibility of replication competent secondary viral vectors may be avoided 
by pseudotyping the genome of one retrovirus with the envelope protein of another 
retrovirus or another enveloped virus so that regions of homology between the err, and 
gag-Pol components are avoided. In a particular embodiment the retroviral vector is 
constructed from the following three components. The first transcription unit contains a 
retroviral gag-pol gene under the control of a non-retroviral promoter and enhancer. The 
second transcription unit contains the en, gene from the alternative enveloped virus, under 
the control of a non-retroviral promoter and enhancer. The third transcription unit 
comprises a defective retroviral genome under the control of a non-retroviral promoter and 
enhancer. The defective retroviral genome contains a minimal packaging signal winch 
does not contain sequences homologous to gag sequences in the first transcription umt. 

0 

Pseudotyping may involve for example a retroviral genome based on a lentivirus such as an 
HIV or equine infectious anaemia virus (EIAV) and the envelope protein may for example 
be the amphotropic envelope protein designated 4070A. Alternatively, the retroviral 
genome may be based on MMLV and the envelope protein may be a protein from another 
25 virus which can be produced in non-toxic amounts within the primary target cell such as an 
Influenza haemagglutinin or vesicular stomatitis virus G protein. In another alternative, the 
envelope protein may be a modified envelope protein such as a mutant or engmeered 
envelope protein. Modifications may be made or selected to introduce targeting ability or 
to reduce toxicity or for another purpose. 

30 

Thirdly the possibility of replication competent retroviruses can be eliminated by using 
two transcription units constructed in a particular way. The first transcription unit contains 
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a gag-pol coding region under the control of a promoter-enhancer active in the primary 
target cell such as a hCMV promoter-enhancer or a tissue restricted promoter-enhancer. 
The second transcription unit encodes a retroviral genome RNA capable of being packaged 
into a retroviral particle. The second transcription unit contains retroviral sequences , 
5 necessary for packaging, integration and reverse transcription and also contains sequences 
coding for an env protein of an enveloped virus and the coding sequence of one or more 
therapeutic genes. 

in a preferred embodiment the hybrid viral vector system according to the invention 
0 comprises single or multiple adenoviral primary vectors which encodes or encode a 
retroviral secondary vector. Adenoviral vectors for use in the invention may be derived 
from a human adenovirus or an adenovirus which does not normally infect humans. 
Preferably the vectors are derived from Adenovirus Type 2 or adenovirus Type 5 (Ad2 or 
Ad5) or a mouse adenovirus or an avian adenovirus such as CELO virus. The vectors may 
,5 be replication competent adenoviral vectors but are more preferably defective adenoviral 
vectors. Adenoviral vectors may be rendered defective by deletion of one or more 
components necessary for replication of the virus. Typically, each adenoviral vector 
contains at least a deletion in the El region. For production of infectious adenoviral vector 
particles, this deletion may be complemented by passage of the virus in a human embryo 
fibroblast cell line such as human 293 cell line, containing an integrated copy of the left 
portion of Ad5, including the El gene. The capacity for insertion of heterologous DNA 
into such vectors can be up to approximately 7 kb. Thus such vectors are useful for 
construction of a system according to the invention comprising three separate recombinant 
vectors each containing one of the essential transcription units for construction of the 
25 retroviral secondary vector. 

Alternative adenoviral vectors are known in the art which contain further deletions in other 
adenoviral genes and these vectors are also suitable for use in the invention. Several of 
these second generation adenoviral vectors show reduced immunogcnicity (eg El + E2 
30 deletions Gorziglia el al, 1996; El + E4 deletions Yeh el oL. 1996). Extended deletions 
serve to provide additional cloning capacity for the introduction of multiple genes in the 
vector. For example a 25 kb deletion has been described (Lieber el «/.. 1996) and a cloning 
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vector deleted of a., vira, genes has been reported (Fisher e, »/., .996, which wil. permu 
the introduction of more than 35 kb of heterologous DNA. Such vectors may be used to 
generate an adenovira. primary vector according ,o the mvenuon encoding .wo or three 
transcription units for construction of the retroviral secondary vector. 

Embodiments of the invention described solve one of the major problems associated with 
adenoviral and other viral vectors, namely that gene expression from such vectors , 
transient. The retrovirai particles generated from the primary target cells can tnfec, 
secondary target ceHs and gene expression in the secondary targe, cells is stably 
,. maintained because of the integration of the retroviral vector genome into the host cell 
genome The secondary target cells do no, express significant amounts of viral protem 
antigens and so are less immunogenic ,ha„ ,he cel.s transduced with adenoviral vector. 

The use of a retroviral vector as the secondary vector is also advantageous because it 
,5 allows a degree of celluiar discrimination, for instance by permitttng the targettng o 
rapidly dtviding cells. Furthermore, retrovtra. integration permits the stable express of 
therapeutic genes in the target tissue, including stable expression in proliferating targe, 

cells. 

,0 Preferably, the primary vira, vector preferentially infects a certain cel, type or cell types. 
More preferably, the primary vector is a targeted vector, tha, is i, has a tissue trop.sm 
which is altered compared to the native virus, so tha, the vector is targeted to parttcu ar 
cells The term "targeted vector" is no. necessarily linked to the term ".arge, cell 
"Targe, eel," simply refers to a eel, which a vector, whether native or targeted, is capable 
25 of infecting or transducing. 

Primary targe, ce,ls for .he vector system according ,o ,he invention include but are no, 
limited ,o haematopoietic cel.s (includtng monocytes, macrophages, lymphocytes 

lie „f *nv of theseV endothelial cells; tumour cells; stromal 
granulocytes or progenitor cells of any ot these;, 

30 cells; astrocytes or glial cells; muscle cells; and epithelial cells. 
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Thus, a primary targe, cel, acceding to the invenuon, capabie of producing the second 
viral vector, may be of any of the above ceU types. In a preferred embodiment, the pnmary 
target c«ll according to the invention is a monocyte or macrophage infected by a defecttve 
adenovirai vector containing a f,rs, transcription unit for a retrovira, gag-poi and a second 
transcript™ urn, capabie of producing a packageable defecttve retroviral genome, .n th,s 
case afleast the second transcription unit is preferably under the control of a promoter- 
enhancer which is preferential* active in a diseased locatton wtthin the body such as an 
ischaemic site or the micro-environmen, of a solid tumour. In a particularly preferred 
embodtmen, of this aspect of the invention, the second transcription unit is construe^ 
such ,ha, on insertion of the genome into the secondary urge, cell, an intron ,s generaud 
which serves to reduce expression of the virai m gene and permit efficient expression of a 
therapeutic gene. 

The secondary vira, vectors may also be targeted vectors. For retroviral vectors, this may 
be achieved by modifying Ore envelope protein. The envelope protein of the retrovtrM 
secondary vector needs ,0 be a non-toxic envelope or an envelope which may be produ^ 
in non-toxic amounts within the pnmary targe, celi, such as for example a MMLV 
amphotropic envelope or a modified ampho,ropic envelope. The safetyfeature - .such a 
case is preferably ,he deletion of regions or seo.uer.ee homology between re,rov,ral 



:0 components. 
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The secondary ,ar g e, ce„ population may be ,he same as the primary targe, ce, popu.at a 
For example delivery of a primary vector of the inventton to tumour cells leads to 
repUction and generation of further vector particles which can transduce further tumot, 
cells, Alternatively, ,he secondary ,arge, cel, popuiation may be different from the prtma. 
t arge. cel, population. In this case me pnmary targe, cells serve as an 
within the body of the treated individual and produce additional vector panicles wh.ch n 
,„fec, the secondary target cel, population. For example, the primary target cell populate 
may be haema,opo,e,ic cells .ransduced by .he primary vector in vivo or « v,vo. 

rumour and produce the secondary vector particles, which are capab.c of transducng 
example tumour cells within a solid tumour. 
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The invention permits the localised production of high thres of defective retroviral vector 
particles in vivo at or near the site at which action of a therapeutic protein or proteins is 
required with consequent efficient transduction of secondary target cells. This is more 
efficient than using either a defective adenoviral vector or a defective retroviral vector 

alone. 

The invention also permits the production of retroviral vectors such as MMLV-based 
vectors in non-dividing and slowly-dividing cells in vivo. It had previously been possible 
to produce MMLV-based retroviral vectors only in rapidly dividing cells such as tissue 
culture-adapted cells proliferating in vitro or rapidly dividing tumour cells in vivo. 
Extending the range of cell types capable of producing retroviral vectors is advantageous 
for delivery of genes to the cells of solid tumours, many of which are dividing slowly, and 
for the use of non-dividing cells such as endothelial cells and cells of various 
haematopoietic lineages as endogenous factories for the production of therapeutic protein 
products. 

Her pes Simplex Viruses 
1. Viral Strains 

The HSV vectors of the invention comprising a polynucleotide of the invention may be 
derived from, for example, HSV1 or HSV2 strains, or derivatives thereof, preferably 
HSV1. Derivatives include inter-type recombinants containing DNA from HSV1 and 
5 HSV2 strains. Derivatives preferably have at least 70% sequence homology to either the 
HSV1 or HSV2 genomes, more preferably at least 90%, even more preferably 95%. 

The use of HSV strains in therapeutic procedures will require the strains to be attenuated so 
that they cannot establish a lytic cycle. In particular, if HSV vectors are to be used for 
30 gene therapy in humans the polynucleotide should preferably be inserted into an essenUal 
gene This is because if a vector virus encounters a wild-type virus transfer of a 
heterologous gene to the wild-type virus could occur by recombination. However as long 
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as the peptide is mserted into an essentia, gene ,h.s .corona, transfer would 
a,so dele the essentia, gene in the recpten, vtrus and prevent 'escape' of the hetero.ogous 
gene into Ihe replication competent wild-type virus populatton. 

Attenuated strains -nay be used to produce the HSV strain of the 
giv e„ as examp,es „n,y, inc.uding stratns tha, have mutations in etther 1CP34, - ^CK7 
for example strain ,7,« (MacUan . .»->. — «" - »" <^ ^ 
Roizman, .992) and R930 (Chou „ «/ . ,994) all of which have mutauons ,n ,CP343 and 
d27-l (Rice and Knipe, ,990) which has a deletion in ,CP27. A,tema„ve,y stratns dented 
for !CP4 ,CP0, .CP22, 1CP6, ,CP47, v„s or gH, with an inactivating mutatton tn VMW «, 
or with any combination of the above may a,so be used to produce HSV stratns of the 
invention. 

The ten— used in describing the various HSV genes is as found in Coffln ^ 
L a.chman, ,996. Herpes simpiex virus-based vectors, .n: Latchman D S (ed). 
manipdation of the nervous system. Academic Press: London, pp 99-1 14. 

2. Complementing cell lines 

, f in IPP27 are propagated in a cell line expressing 1CP27, for 
■0 HSV viruses defective in 1CP27 are propa^ 

example V*7 cells (Rice and Knipe, 1990) or 2-2 cells (Smith ei al, 1992). ICP27 
cell lines can be produced bv co-transfecting mammalian cells, for example the 
expressing cell lines can oe pruuu^ . fi „^ t ;nna1 
vl or BHK cells, with a vector, preferably a plasmid vector, compnsmg a f^ncuona 
HSV ,CP27 gene capable of being expressed in said ce„s, and a vector, prefer** 
„ p,asmid vector, encodtng a se.ectab.e marker, for examp,e neomycin ~ * 
" possessing the se,ec,ab,c marker are then screened further to determtne ^ 

express functiona, ,CP27, for exampie on the basis of their abi.Uy to support the growth 
,CP2T mutan, HSV strains, using methods known to those sKUled ,n the an (for example 
as described in Rice and Knipe, 1990). 

30 Cell lines which do no. a„ow reversion of an ,CP2T — HSV stratn to a strain with 
functional ,CP27 arc produced as described above, ensuring that the vector compnsmg 
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,„) sequences remaining in the 1CP2T mutant v,rus. 

^ere HSV stra.ns of the invention compnse — g mod.f.cations .rather — 
g ene, tot example 1CP4, complement cel, Hues w,l, further _ a — HS 
gene which complements the modified essentiai gene in the same manner as descnbed 

ICP27. 
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3 Methods of mutation 

HSV genes may be rendered function* inactive by severa, techniques wei. known in the 
7 ZZ, - - rendered funct.ona.ly .nactive by delet.ons. sub— 
unions, preferabiy by deietion. Delet.ons may remove portions o, « 
entire g ene. .nserted sequences may include the expression cassette descnbed above. 

, „ ,he HSV strains by homologous recombination methods well- 
Mutations are made ,n the HSV y together 
known to those skilled in the art. For example, HSV genomic L> 
w „h a vector, preferably a plasmrd vector, comprising the 

u , „ HSV sequences The mutated sequence may compnse deletions, mserttons 
T T s .1 may be constated by routine .echoes, .nsertions may 

subst.tut.ons, all of wh.cn may recombi „a„t viruses by, 

include selectable marker genes, for example lacZ, for screemng 

for example, p-galactosidase activity. 

, . „,,,„ H ,v males for example genes such as ICPO, 1CP4, 

" TeZd s,nce it encodes an essentia, structural protein, bu, a sm. — 

genes (Ace etui, 1989). 



4. 



HSV strains co 
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A polynucleotide of .he invention may be Ited into ^ HSV genome a, any loca^n 
JviL ft* the virus can s,«. be propagated, which ma, require the use of a ceU hue 
C a„o,her HSV essentia, gene (as described in „ if .he HO, is insert -» - 
si, gene. For example, if .he polynuCeotide is inserted in.o ,he ,CP27 gene o .he , 

• a TPP97 would be needed.The polynucleotide of the 
5 HSV strain, then a cell-line expressing ICP27 would 

, , - nn f the ICP27 mutation as in the unliKeiy 
invention is preferably inserted into the reg.on of the 1CP27 

• a hv recombination with a wild-type virus, the repair 
event that the mutation is repaired by recombinatio 

would remove the inserted polynucleotide. 

, 0 The P o,ynuc,eo.ide of .he invention tnay be inserted into the HSV genome by homologous 
HLon of HSV strains with, for example, plasmid vectors carryuig the express^ 
cassette flawed by HSV sequences, as described above for introduce 

. , . -Htuhle Dlasmid vector comprising HSV 
polynucleotide may be introduced into a suitable plasm 

sequences using cloning techniques well-known in the art. 

" „ is particularly preferred that the polynucleotide of the invention is operably > mkec 1 to 
ll-Z seque nc s as described in WO-A-98,30707 (some of the disclosure of which 
^e^sincethis has been shown*, dramatically Unprove ,„ng .erm expression 

in mammalian cells. 
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E. Host cells and target cells 



, • «a vormrs and viral vectors of the invention may be 
Polynucleotide constructs, nucleic acid vectors and 

induced into a variety of ho, cells. Host ee.ls include both P*,^ 
„ bacteria,, and euka^otic, for examp.e yeast and higher eukaryo ic ce„s (su 

" mammalian, for example human, ce,ls). ™ " ^ ™' % 2^Z * 

i . onarP nucleic acid vectors comprising * 
viral and viral vectors, for example to prepare nucleic 

po,ynuc,eotide of the invention or to prepare high litre viral stocks. 

i l^tlrte of the invention/NOl may be used in 
30 Alternatively, host cells comprising a polynucleotide of in 

t herapy, such as the use of macrophages discussed below in, for exam^e, „ v,v, therapy. 
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N on-vira, nucleic actds and « vectors Te typically induced into host ceUs using 
also be introduced into host cells using by infection. 

T ar g e, ceUs, in the context of the present invention, means cells of, or fro., an or,an,snt 
, n a, typ.caUy i, is desired to treat, rather than simply ce„ lines. cells -y be 

lied from the organism and subse,ue„,,y returned after treatment, or targeted „ v,v, 
Tbus for example, tumour cells *, vivo can be considered to be target cells. 

tumour cells under conditions of hypoxia. The targe, ceU may be a growth-at^ed cell 
of undergomg ceU division such as a cell in a — port-on of a so, = 
Is or a stem ceU such as an BSC or a CM* ce„. As a further ^ 

from an individual or may be transfected or transduced directly in vivo. 

o Preferred Host cells/target ceUs include cells in which EPAS is expressed more preferably 
cells in which EPAS is expressed but HIP-1 is not (or at much lower levels). 

Inaparticular^^ 

usedashostcell^^ 

»1, HSCs differentiate into various cell lineages under the influence 
25 Uncages ,n mammal, HSCs differ ^ ^ ^ ^ 

mic «^«»»^^^»^^ HSCs ^ include: erythro id 
cvtokines Four major cell lineages arise from the Hbcs. 

V • , , trf^V myeloid (granulocytes and monocytes); and 

(erythrocytes); megakaryocyte (platelets), myeloio ^g 

(erymrocy b influence of a network 

lymphoid (lymphocytes). Maturation of these cells occurs 

, i -„u w„vp heen eiven a variety of names including 

30 of tissue specific protein regulators which have been g. 

growth factors, cytokines and interleukins. 
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macrophages con..nually enter so ischae mia-induced necrosis .. 

ischaemic si.es ,n hreast carcinomas. ^ * " Qf macrop ha g e 

in th ese tumours was positive* corrected w.h the degree 

infiltration. 

• u ~ m \<- lesions which are a feature of other 
Monocytes and macrons a,so in Urate — ^ ^ 

d ,sease — including cerebra, malarra, « ^ fM use in the pres en, invention. 
ThU s monocytes and macrophages are suable ho, , s ^ ^ 

treating diseases associated with hypoxra. 

, ■ f HSCs and their maintenance and differentiation in culture are 
5 Methods for isolafon of HSCs and t ^ ^ ^ ^ 

PiacWo « <*. 1997) and tn WO-^9 / ^ ^ for ^ 

in lhe genera, sense has been reported (Duph. ^ ^ ^ 

mediated transduction of HSCs and transfer to parents 



20 1996. 



25 



■ *■ „„d that the pretreatment of donor mice with 
,„ vjv „ murine stud.es have .nd.ca.ed that * , , ' by 

„raci, prior .o harvest of bone m^ow « ^ ^ ^ 

,„duc.n E .he cyciing of primiuve cells - m - * ^ ^ 

infeo.on and tn.egra.ion. The co-cuUure of targe *e. ^ ^ ^ 

and the use of cel, hues .pah.e of Pro^n, ,^ > ^ ^ ^ _ ^ 

improved efficiencies (Bodme e, al.. )• recon s,i,ution of 
populat.ng cells has heen achieved , - "ore cells carrying the prov,a, 
multiple haematopoietic lineages stably w.,h 1-50/. 



30 genome (Fraser cr al., 1990). 
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a „pp» ftr for delivery of an NOI to HSCs in vivo, the vector is 
Where the invention uses a vector tor delivery ui oi 

preferably a targeted vector capable of targeting CD34 + HSCs. 

The term "targeted vector" refers to a vector whose ability to infect/transfect a cell or to be - 
expressed in the target cel. is restricted to certain cell types with, the host organs 
usually cells having a common or similar phenotype. An example of a targeted vector is . 
targeted retrov^al vector with a genetically modified envelope protein which binds to cell 
surface molecules found only on a limited number of cell types in the host organism. 
Another example of a targeted vector is one which contains promoter and/or enhancer 
elements which only permit expression of one or more retroviral transcripts in a proportion 
of the cell types of the host organism. Thus, the vector may be provided with a ugand 
specific for CD34, such as an antibody or an immunoglobulin^ molecule directe 
against CD34. On introduction into an individual to be treated such a vector wUl 
specifically transfect CD34* HSCs. The vector may be administered systemically, to the 
peripheral circulation. 

F. Therapeutic Uses 

The presen. invention is beiieved ,o have a wide ***** app.icabi.ity - depending on 
, ln , er aHa *. se.ec.ion of «he one or more KOI, .n addition, or in 

present invention may be usefu. in the — , of disorders .isted ,„ WO-A-98/0998 5 
For ease of reference, par, of tha, .is, is now provided: macrophage inhibitory and/or T ce.. 
inhibitory activity and thus, antiinflammatory activity; anti-immune acttvty, ,=. 
inhibrtory effects agams. a ce„u,ar and,or hnmorai immune response, including a response 
, 5 no. associated with inflammation; inhibi, ,he abi.ity of macrophages and T ce..s .o adhere 
' lo ex.race..u,ar matrix componen.s and fibronectin, as we., as up-regu.a,ed fas receptor 
expression in T cei.s; inhibi. unwan.ed immune reactions and in,,amma.ion mciudmg 
ar.hri.is, inciudmg rheumatoid anhrins, inflammation associa,ed w,,h hy P ersens,.,v,,y, 
ai.ergic reactions, asthma, systemic ,upus erythematosus, coliagen diseases and other 
,„ au,oimmune diseases, inflammation associa.ed wi,h a.he,osc,erosis, arteriosus, 
a,herosc.ero,,e hear, disease, .perfusion injury, eardrac arrest, myocardta, mfarcuon. 
vascu.ar inflanunatory disorders. respira,ory distress syndrome or other cardiopulmonary 
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leases, in—on asso-ea with peptic ulcer, ulcerative 

„. gastrointestinal tract, hepatic fibrosis, Hver ^ - <*- - 
th yl,is or other ^.ar ceases, gl omerulonep„ri,is or o,her renal - ur„ ^ 
2— otitis or Cher o,o-rhi„o-Uryn e o,o g ica, diseases, dermis or other de™, 
diseases, our Hi „„ es orchitis or epididirao-orchiUs. 

diseases, periodontal diseases or other dental d.seases, orch P 
inferti ,i, y orchidal trauma or other irnmune-related test.cu.ar d.seases, placen*! 

P,cen,i .nsufficency, — — — ^'77 1 I 

i .„h ovnaecoloeical diseases, posterior uveitis, 
immune and/or inflammatory-related gynaecology 

vc rnniunctivitis chorioretinitis, uveoretinitis, optic 
intermediate uveitis, anterior uveitis, conjunctivitis, 

intermedial ^ sympathetic 

neuritis intraocular inflammation, e.g. retinitis or cysioi 

X'tnia, scleritis, retinitis pigmentosa, — and inflame component, o 
generative fondus disease, inflammatory component of ocular 
2L— caused by ^tion, prohferaUve vitreo— hies, acute tschaen^ 

• ec following glaucoma filtration operation, immune 
neuronathv excessive scarnng, e.g. ionowmg & 

neuropatny, slants and other immune and inflammatory- 

and/or inflammation reaction against ocular implants and 

~ occn^iated with autoimmune diseases or 

reiated ophthalmic diseases, inflammation assocated with 

0 dementia complex HlV-reiateo cu hi- ,, rcrt ftheCNS 

. „f rNS commission or CNS trauma or infections of the CNb, 
inflammatory components of CNS compress „,„ ^ and 

inflammatory components of muscular atrophies and dystroph.es 

~r A\ <=nrders of the central and peripheral nervous, 
inflammatory related diseases, conditions or disorders inflammat ory 

*~ n t\r <;hock infectious diseases, intlammaiory 
svstems post-traumatic inflammation, septic shock, in 
30 systems, p w transplantation or other 

complications or side effects of surgery, 

j/ o;,u effects inflammatory and/or immune 
transplantation complications and/or side effects, 
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complies and side effects of gene dterapy, e.g. due ,o infection with a vira. carrier, or 
inflammation associated with AIDS, to suppress or inhibit a humoral and/or ce.,u.ar 
immune response, to treat or ameiiorate monocyte or .eukocyte pro.ifera.ivc disease,, e g. 
ieulcaemia, by reducing the amount of monocytes or lymphocytes, for the prevention and/or 
treatment of graft rejection in cases of transplantation of natura, or artiftcia. ceUs, tissue 
and organs such as cornea, bone marrow, organs, lenses, pacemakers, natural or arttflctal 
skin tissue. 

,„ particular, polynucleotides, nucleic acid vectors, vira. vectors and host cells of the 
present invention may be used in the treatment of tumours. Examp.es of tumours that may 
be treated by the present invent.on inc.ude hut are not limited to: sarcomas inc.udmg 
osteogenic and soft tissue sarcomas, carcinomas such as brea* lung, bladder, thyrotd, 
prostate, co.on, rectum, pancreas, stomach, liver, uterine, and ovarian carcmoma, 
.ymphomas including Hodgkin and non-Hodgkin iymphomas, neuroblastoma, melanoma 
myeloma, Wilms tumour, and leukemtas, including acute lymphoblastic leukemra and 
acute myeloblastic leukemia, gliomas and retinblastomas. 

As a further example of targeting of tumours, patients with mutations in the VHL locus are 
.nown to have an increased mcidence of haemagiomas and rena, cel. carcinomas. 
Furthermore, certain renal cell carcinomas have spontaneous alterations in the VHL gene. 
Tumour ceUs in these patients wil, have constitutive* increased leve.s of H1F expression, 
which wil, in turn stimulate expression drtven by an HRE construe, regardless of the 
normoxia and hypoxia in the cell. ConseauenUy, introduction of a nuc.eottde *,uence 
comprising an NO, encoding a therapeutic gene product operab.y linked to an HRE, such 
as an HRE of the invention, into a eel, having increased levels of HIP expression, for 
example as a result in a mutation a, the VHL locus, may be useful in treating or prevent a 
condition associated with one o, more mutations a, the VHL locus which mutations resu, 
in inhibition of VHL function. Examples of such conditions include haemagiomas and 
renal cell carcinomas. 

A particularly advantageous feature of the present invention is that NOIs may be expressed 
in hypoxic ce„s and no, cells under normoxic conditions. Thus po.ynucleotides, nuCetc 
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nd host cells of thlpresent invention may be used in the clinical 
acid vectors, viral vectors and host cells P Examp le of conditions 

t of a ran fi e of conditions characterised by hypoxia, bxampi 
management of a ran fe e ^ thrombosis , 

which are characterised by symptoms ^ 

penary embolus and renal faHure The c^ dea, ^ ^ 

• ^ ~ larcre oart to tissue damage causeu vy 
„, ts due m rge P ^ ^ ^ „ id „ 

followed by reperfuston. Other examp ^ ^ ^ host 

— ^:r:^s^--— ----- 

, • cid vectors viral vectors and host cells of the present 
The polynucleotides, nuclcc acd vectors, ^ , he N01s useQ ta the invention 

5 invention may also be used in preventative -ne d,cn * ™» wher£ an increase d risk of 
may have a therapeutic effect via prophyiax s. Fo^a»P ^ ^ 

developing cancer ,s diagnosed, the mventron may 



individual. 



. u i„ aenetic predisposition to cancer, for example 
M Sui.hi.ity for prophylaxts may he hased n g neuc P P ^ ^ ^ a 

cancer of the breast or ovary because of one or more 
BRCA-2 gene (Cornelisse e, al, 1996) or another relevant gene. 



G. Administration 
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a vectors of the invention may thus be 
T he poiynudeotide, nucle.c acid vectors and ^ ^ 
used to deliver therapeutic genes to a human or ammal 

u ^mistered directly as a naked nucleic acid 
Th e polynucleotide of the mvent.on may e — _ ^ ^ ^ ^ 

construe, preferably further compnsmg ^ „ enhlnc ed by 
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, . • i n ^ ~f a nucleic acid vector, including a 
the polynucleotide may be adm.mstered as part of a nucleic 

plasmid vector or viral vector, preferably a lentiviral vector. 

Preferably the deHvery vehicle (i.e. naked nucleic acid const™, or virai vector comprising .. . 
the polynucleottde for exampfe) is combined „uh a pharmaceutic* acceptable c^er or 
diluent to produce a pharmaceutical composition. Thus, the present invention a,so provtdes 
a pharmaceutics composite for treatmg an individual by gene therapy, where.n the 
composttion comprises a therapeutically effective amount of the polynucleotide, vector or 
viral vector of the present invention comprising one or more deliverabie .herapeufc anchor 
diagnostic NOl(s) or a vira, particle produced by or obtained from same, together wtth a 
pharmaceutical* accep.ab,= carrier, diluent, excipien, or ad JU van«. The phan—al 
composition may be for human or animal usage. 

The choice of pharmaceutical earner, excipien, or diluent can be selected with regard to the 
intended route of administration and standard pharmaceutic! practice. Suitable earners and 
drtuents include isotonic saline solutions, for example phosphate-buffered salme. The 
pharmaceutical compositions may comprise as - or in addition to - the earner, exctpten, or 
diluent any su.table binder(s), lubr,can,(s), suspending agen.(s), coatmg agen,(s), 
solubilising agent(s), and outer carrier agents that may a,d or tncrease the vira, entry tnto 
0 the target site (such as for example a lipid delivery system). 

The pharmaceutical composition may be formulated for parenteral, intramuscular, 
intravenous, intracranial, subcutaneous, intraocular or transdermal administrate. 

25 Where approbate, the pharmaceutical compositions can be administered by any one or 
more of: inhalation, m the form of a suppository or pessary, topical,, in the form of . 

form of ,ab,e.s contaimng excipients such as starch or lactose, or in capsu.es or ovules 
either alone or in admixture with excipients, or m the form of elixirs, so.ufons or 
3 „ suspensions containing flavouring or colouring agents, or ,hey can be tnjected parenteral, 
for exampie intraeavemosal.y, intravenously, intramuscuiar.y or subcutaneous*. For 
parenteral administration, the compositions may be best used in .be form of a ster.le 
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10 



aqueous solution which may conta.n other substances, for example enough salts or 
monosaccharides to make the solution isotonic with blood. For buccal or sublingual 
administration the compositions may be administered in the form of tablets or lozenges 
which can be formulated in a conventional manner. 

The pharmaceutical composition is administered in such a way that the 
polynucleotide/vector containing the therapeutic gene for gene therapy, can be incorporated 

into cells at an appropriate area. 

When the polynucleotide of the invention is delivered to cells by a viral vector of the 
invention, the amount of virus administered is in the range of from 10 3 to 10 10 pfu, 
preferably from 10 5 to 10* pfu, more preferably from 10* to 10 7 pfu. When injected, 
typically 1-10 ul of virus in a pharmaceutical^ acceptable suitable carrier or diluent is 
administered. 



15 



20 



When the polynucleotide/vector is administered as a naked nucleic acid, the amount of 
nucleic acid administered is typically in the range of from 1 to 10 mg, preferably from 
100 ngto 1 mg. 

Where the NOI is under the control of an inducible regulatory sequence, it may only be 
necessary to induce gene expression for the duration of the treatment. Once the condition 
has been treated, the inducer is removed and expression of the NOI is stopped. Tins wxll 
clearly have clinical advantages. Such a system may, for example, involve administenng 
the antibiotic tetracycline, to activate gene expression via its effect on the tet 
25 repressor/VP 1 6 fusion protein. 

The use of tissue-specific promoters will be of assistance in the treatment of disease using 
the polynucleotides/vectors of the invention. For example, several neurological disorders 
are due to aberrant expression of particular gene products in only a small subset of cells. It 
30 will be advantageous to be able express therapeutic genes in only the relevant affected cell 
types, especially where such genes are toxic when expressed in other cell types. 
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■ a to a natient or an at-risk individual in a 
MCified HSCs of the — are ***** - - £ onic salme soluhon. a buffered 

saline solution or a Us— medtum J*e ^ ^ ^ ^ ^ ^ , 

by infusion intravenously or dtrectly «o ^ ,„„ ^ , 

concentration of for example between app—iy 

i ,tft«Ar1 0 10 cells per dose, 
dose, preferably at least 10 or iu 

, * to deplete the bone marrow of stem cells or may be 
The indi.dual may ftrst be treated to deplete^ ^ ^ ^ ^ ^ ^ 

trea ted with one or more cytokmes such as rf ^ 

cells into the peroral blood or one or more cytok ^ ^ 

,„ „ even, tha, the vector - b - - — 
5 '^^^^"n^pnneip.e^own^e 
pro-drug, administered using an appropnate regtmen 



art. 
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j froro the mdividual to be treated and are transfected o 
Where the HSCs are ™^ ^ in cul ,ure prior to and 

transduced with the vector m v„ro, the cells g 

^rintroductionoftheNCor.Ois. W^neuUured„ - ^ ^ ^ 

or when appropriate signals are recerve in , ^ ^ . mmune 

into, among other ceil types, endothelial ce.ls, «^ ^ NK cell , 

effector celis such as neutrophils, lymphocytes, mononuclear p 

TW s tnvolves the use of „ue culture methods - 

Schwartz a(., 1992, Ch f >he HSCs may also be added. 

Age „,s which induce the differenttauon of the HSCs m 

0 ■ .„ HRF elements are known to respond to chemical 

,n addition to responding to hypox.a the HRE ^ ^ and 
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desferrioxamine (Melitllo e, ai, .996; Wang and Semenza 1993b). Thus, the products of 
the invention may also be used to treat a disorder where compounds that m.mic hypoxia 
are administered, such as the chemical activator desferrioxamine or analogous chenue* 
used to treat neuroblastoma (Blatt, 1994), beta thalassemia (Giardina and Grady, 1995), 
Mzheimers disease (Crapper « ai. .991), VEGF deficiency (Beerrepoot « ai, 1996), 
Erythropoetin deficiency (Wang and Semens .993b) and for enhancement of tumour 
chemotherapy (Voes. e, ai, .993). The products of the invention may be adm.ns.ered 
concomitantly, sequentially or separately with the compounds tha, mimic hypox.a. 

The rou,es of administration and dosages described are intended only as a guide since a 

■I. „Kle .o determine readily the optimum route of administration 
skilled practitioner will be able to determine i«u , r 

and dosage for any particular patient and condition. 

,„ accordance with the invention, standard modular biology techniques may be used 
which are within the .eve. of skill in the art. Such techniques are ful.y described ,n me 
hterature See for examp.e; Sambrook « a, (1989) Molecu.ar Cloning; a laboratory 
manua,; Ausube, e, ai, Curren. Protocols in Mo.ecular Biology (.999), John Wiley * 
Sons .nc • Hames and Glover (.985 - .997) DMA Coning; a practical approach, Volumes 
,. ,V (second edition); Methods for the engineering of immunoglobulin genes are g.ven ,n 
McCafferty e, ai. 1996, "Antibody Engineering; A Practical Approach" 

,, should be appreciated that features from various sections, aspects and embodiments of 
.he invention as described above are generally equally applicable to other sections, aspects 
and embodiments mutatis mutandis. 

The invention will now be further described by way of Examples, which are mean, to serve 
to assis. one of ordinary skill in the ar, in carrying ou, the invention and are no. in,ended in 
any way «o lb.it the scope of the invention. The Examples refer to the Figures. In .he 

Figures: 

30 Figure I is a oic.oria, representation of p.asmid OB37. This p.asmid contains the 
OBHRE1 or the OBHRE1 1 promoter; 
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Figure 2a is a graph illustrating the relative strengths of synthetic hypoxic responsive 
promoters. The bars indicate the level of reporter gene activity. The numbers above the 

bars give the fold induction; 

Figure 2b is a graph illustrating the hypoxia-mediated activation of a synthetic hypoxia 
responsive promoter in combination with the SV40 minimal promoter as compared with a 

CMV promoter. 

,0 Figure 3 is a graph illustrating that OBHRE1 1 mediates hypoxic induction in primary 
human macrophages; 

Figure 4 shows photographs illustrating the induction of P - g alactosidase expression in 
HT1080 cells transduced with Xiavector; 

Figure 5 is a graph illustrating the induction of (5-galactosidase expression in breast cancer 
cells transduced with Xiavector; 

Figure 6 is a graph illustrating the effect on hypoxia-mediated expression of mutations in 
the 5' and/or 3' HRE of an artificial promoter construct linked to a sequence encoding 
luciferase. 

Figure 7 shows a pictorial representation of a pKAHRE construct; 

25 Flg ure 8 shows a schematic map of a retroviral X ia Gen-P450 vector comprising a 
therapeutic gene under the control of an HRE; 

Figure 9 shows a graph illustrating hypoxia activation of a reporter gene driven by the 
XiaMac promoter (labelled OBHREMAC) relative to the CMV promoter in macrophages 

30 and breast cancer cell lines; 
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Figure 10 is a graph showing that the HRE is critical for the hypoxic response of the 
X.aMac promoter. The HRE was deleted in XiaMac (XiaMac-HRE) and no induction by 
hypoxia is observed; 

5 Figure 1 1 a shows a pictorial representation of a plasmid map of P EGASUS-4( + ); 

Figure 1 lb shows a pictorial representation of a plasmid map of P ONY2.11acZ; 

Figure lie shows a pictorial representation of a plasmid map of pONYHRELucLac; 

Figure 1 Id shows a pictorial representation of a plasmid map of pEGHRELacZ; 

Figure 12 is a graph illustrating viral titre when a Pegasus vector expressing LacZ was 
plated onto cells in culture. Cells were then placed in normoxia or hypoxia,, 



10 



15 



Figure 13 is a graph showing hypoxia mediated activation of a luciierase reporter in a 

lentiviral vector; 

Figure 14 is a schematic of . PCR approach to introducing .he HRE into an EI AV vector. 

20 . . 

Figure 15 is a schematic of a hypoxia responsive E1AV vector configured as a angle 

transcription unit; 

Figure 1 6 is a schematic of a hypoxia responsive automated EIAV vector conftgured as 

25 a single transcription unit; 

Figure 17 shows a scheme for constructing recombinant adenoviral vectors 
Ad.OBHRElacZ is the OBHRElacZ cassette from OB37 inserted into the Microbix transfer 

vector pElspl A; 

30 

Figure Lisa graph il.ustrating hypoxic mduc.ion (0.,%) from Ad.OBHRElacZ 

transduced Chiang Liver cells; 
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Figure 19 shows photographs of hypoxic regulation of (J-galactosidase gene expression in 
primary human macrophages transduced with AdOBHREl 1 LacZ; 

Figure 20a shows a pictorial representation of a plasmid map of pElHREPG; 

Figure 20b shows a pictorial representation of a plasmid map of pElCMVPG; 

Figure 21 shows a pictorial representation of a plasmid map of pElRevE; 

Figure 22 shows a pictorial representation of a plasmid map of pElHORSE3.1; 

Figure 23 shows a pictorial representation of a plasmid map of pEl PEGASUS; 

Figure 24 shows a pictorial representation of a plasmid map of pCI-Neo; 

Figure 25 shows a pictorial representation of a plasmid map of pCI-Rab; and 

Figure 26 shows a pictorial representation of a plasmid map of pElRab. 

Figure 27 is a graph illustrating hypoxic induction using various HRE constructs with or 
without HIF-1. LTR = 3 x PGK HRE upstream of an intact MLV promoter. -CAAT 
means core promoter lacks a CAAT box. 

Figure 28 is a representation of an HRE HIF-1 autoregulated cassette. 

Figure 29 is a graph illustrating hypoxic induction in T47D cells using various HRE 

constructs. 

Figure 30 is a graph illustrating hypoxic induction in CTC12 cells using various HRE 
constructs. 
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EXAMPLES 

Example 1 - Construction of an optimised hypoxia response element - OBhrell: a 
promoter based on the murine PGK HRE 



A variety of HRE sequences are known in the art. However, as discussed above, the 
degree of hypoxia-restricted expression directed by these sequences in constructs used to 
date has not been entirely satisfactory. A suitable HRE construct should be capable of 
directing high levels of expression in a hypoxia-restricted manner. Consequently, we have 
10 tested several different constructs, including two novel constructs based on three mouse 
PGK HRE direct repeats cloned upstream of an SV40 promoter sequence, for hypoxia- 
specific activity to try an obtain a sequence with the desired characteristics. 

Materials and Methods 



Plasmid construction 

Synthetic oligonucleotides are synthesised encompassing hypoxia response element (HRE) 
sequences and cloned as Bglll/BamHl fragments into the BamHl site of the pGL3 
promoter plasmid (Promega; Genbank accession no U47298). PGK sequences are 
20 synthesised as Xbal/Nhel fragments and cloned into the Nhel site of this vector. pGL3 is 
an enhancerless expression plasmid with a minimal SV40 promoter upstream of a 
luciferase coding sequence. Insertion of the HRE at this site places it upstream of the 
minimal SV40 promoter. 

25 The various enhancer/promoter sequences used in this assay are listed below: 
OBhrel 

Trimer encompassing -307/-290 sequence of murine PGK in the natural orientation (Firth 
et a!., 1995) linked to the SV40 promoter (italicised) (SEQ ID. No. 3). 

30 

GCTAGA GTCGTGCAGGACGTGACA TCTAGT GTCGTGCAGGACGTGACA 
Nhe\ HRE HRE 

TCTAGTGTCGTGCAGGACGTGACAGCTAGCCCG GGCTCGAGATCTGCG 
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HRE 



Xbal 
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A TC TGCA TCTCAA TTAGTCAGCAACCA TAGTCCCGCCCCTAACTCCGCT: 
CA TCCCGCCCCTAACTCCGCCCAGTTCCGCCCA TTCTCCGCCCCATCG 

rrnACTAATTTTTTT TATTTAT GCAGAGGCCGAGGCCGCCTCG^CTCTG 

— ■ start start 

Although the results given herein are for OBhrell (see below), very s.milar results were 
obtained with constructs based on OBhrel. 

OBhrel 1 

Similar to Obhrel except that the middle HRE contains a deletion in the HIF-1 binding site 
? (deleted residues between the two nucleotides shown in bold. (SEQ ID. No. 9)). 

CO 15 GrTAGAGT CGTGCAGGACGTGACA TCTAGTGTCGTGCAGG CA 

M Nhel HRE mutant HRE 

m TrTAr.T GTCGTGCAGGACGTGACA GCTAGCCCGGGCTCGAGArCrGCG 

CO HRE Xbal 

m ATCTCCATCT^ft a -rT^rrACCAACCATA GTCCCGCCCCTAACTCCG CC 

O CA TCCCGCCCCTAACTCCG ccC Ar,TTr.caCCCATTCTCCGCCCCATCG 

!| rT^arr^^rrTrrT TTArrrAT GCAGAGGCCGAGGCCGCCTCGGCCTCTG 



10 



start start 
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This promoter sequence is defined as OBhrell. The resulting plasmid is designated 
plasmid OB37 (Figure 1). 

PGK (PGK x 3 in Figure 2a). 
30 As Obhrel but in the reverse orientation to the natural configuration. This construct is also 

novel. 

CTAGCTGTCACGTCCTGCACGACACTAGATGTCACGTCCTGCACGACA 

HRE HRE 
35 CTAGATCT CACG TCCTGCACGACTCTAGCCCGGGCrCGAGATCTGCGA 

HRE 

TCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCC 



40 



ATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCT 
GACTAArrrrrTTTATTrATGCAGAGGCCGAGGCCGCCTCGGCCTCTG 
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Enolase A 

Sequence includes three HRE consensus sites spaced as in the native human gene positions 
-413/-35 1 . (Semenza et al, 1 996). 

GATCTGAGGGCCG GACGTG GGGCCCCAGAGCGACGCTGAGTGCGTGC 

(HRE) HRE 
GGGACTCGGAG TACGTG ACGGAGCCCCGGATCTGCArcrCAArrAGrC 

HRE 

AGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCC 
GCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTTTATTT 

ATGCAGAGGCCGAGGCCGCCTCGGCCTCTG 
Enolase x 2 

As above but two copies of the synthetic sequence inserted. 

GATCTGAGGGCCGGACGTGGGGCCCCAGAGCGACGCTGAGTGCGTGC 

(HRE) HR Sn^ 
GGGACTCGGAG TACGTGA CGGAGCCCCGGATCTGAGGGCCGGA^gTG 

HRE (HRE) 
GGGCCCCAGAGCGACGCTGAGTGCGTGCGGGACTCGGAGTACG^GAC 

HRE ( HRE > 
25 GGAGCCCCGGATCT etc. of SV40 sequence 

^Lr of the human erythropoietin enhancer (positions +3065/3089, (HRE?) marks a 
site common to LDH that binds a constitutive factor that contributes to hypoxic response, 
30 Wang and Semenza, 1993. 

GATCTGCCC TACGTG CTGTCTCACACAGCCTGGCCCTACGTGCTGTCTC 

HRE" (HRE?) HRE 

ACACAGCCTGGATCTGCCCTACGTGCTGTCTCACACAGCCTGGCCCTA 

35 (HRE'') HRE (HRE? ) 

CGTGCTGTCTC AC ACAGCCTGGGATCTGCATCrCAArrAGTCAGCAACC 

HRE (HRE°) 

ATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 



20 
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TCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTTTATTTATGCAGA 
GGCCGAGGCCGCCTCGGCCTCTG 
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LDH 

This sequence derived from murine lactate dehydrogenase A (-88/-40) encompasses a 
consensus also found adjacent to the epo HRE, an HRE, and a CRE site that contribute to 
enhancer activity. (Firth et al., 1995). This is the natural orientation. 

Note: In Firth et al. the sequence of the complementary strand is described 
CCAGCGGACGTGCGGGAACCCACGTGTAGG (-50/-88) written in the conventional 
5' to 3' direction with the HRE underlined. An additional regulatory element is 
highlighted in italics. 



GATCTCTACACGTCGGTTCCCGCACGTCCGCTGGGCTCCCACTCTGAC 
TO (HRE?) HRE CRE 

\i G T C A G CGG GA TC TGCA TC TCAA T TAG TCAGCAACCA TAG TCCCGCCCC 

h , 5 TAA CTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCC 

GCCCCATCGCTGACTAATTTTTTTTAJJTATGCAGAGGCCGAGGCCGCC 

TCGGCCTCTG 



Q LDH x 2 



25 



30 



35 



As above with 2 copies of the synthetic sequence. 

GATCTCTACACGrGGGTTCCCGCACGTCCGCTGGGCTCCCACTCTGAC 

(HRE?) HRE 
GTCAGCGGATCTCTACACGTGGGTTCCCGCACGTCCGCTGGGCTCCCA 
CRE~ (HRE?) HRE 

CTC TGACGTCA GCGGGATC etc. of SV40 sequence 
CRE 

Cell lines 

MCF-7 (ECACC) and HT1080 (ECACC) cell lines were maintained in Dulbecco's 
modified Eagle's medium. The T47D cell line was maintained in RPMI 1640 Media. All 
media was supplemented with 10% (v/v) Foetal calf serum, 2mM glutamine and 2mM 
non-essential amino acids. For transient assays the media was also supplemented with the 
antibiotics. All tissue culture media/solutions were purchased from Sigma (Dorset,UK) 
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Lucif erase Assays 

Typically, cells seeded in a 24 well dish at a confluency of 60-80% were transfected with 
0.2 1 ug of the reporter vector (pGL3 series of vectors purchased from Promega) using the 
Fugene-6 transfection reagent (Boehringer Mannheim, East Sussex, UK.). When required ,. 
the reporter vector was co-transfected with l/50th of the Renilla-based P RL-SV40 
(Promega) vector to control for transfection efficiency. Following 16 hours (overnight) 
incubation (21% 0 2 , 5% C0 2 , 74% N 2 ) transfected cells were either incubated for a further 
16 hours under normoxic conditions in a standard incubator (21% Q 2 , 5% CO, 74% N 2 ) or 
under hypoxic conditions (0.1% 0 2 /5% 0 2 , 5% CO, 74% N 2 ) using multigas incubators 
purchased from Heto (Surrey, UK) 

Luciferase or beta-galactosidase chemiluminescent reporter assays were carried out using 
either the Promega Dual-Luciferase™ reporter assay sytem respectively with a Dynex 
Technologies (West Sussex) MLX Microliter® plate luminometer. All reporter assays 
were carried out in triplicate. 

Protein Assays 

These were carried out using the Biorad Detergent Compatible protein assay kit (BioRad, 
UK) together with a Dynex Technologies MRX Plate reader using a bovine serum albumin 
3 protein standard. 

Results 

Luciferase assays are performed using T47D cells transfected with one of the above 
>5 constructs to compare function of the different constructs in normoxia and hypoxia (0.1% 
oxygen. The results are shown in Figure 2a as relative expression levels. All these 
sequences confer on the minimal SV40 promoter hypoxia induced expression. However 
what is clear is the different induction ratios and the scale of expression under hypoxia. 
The OBhrell construct shows over 2.5 times the relative levels of expression under 
30 hypoxic conditions compared with the best prior art construct (enolasc x 2). The PGK x 3 
construct (reverse orientation) also gives good results. 
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The OBhrel 1 construct is also tested against the strong viral promoters CMV and SV40 in 
the absence of HRE elements using a luciferase assay to measure expression levels. The 
results shown in Figure 2b demonstrate that OBhrel 1 directs low basal activity in normal 
oxygen tensions and is strongly induced in hypoxia such that expression levels are - 
equivalent or greater than the CMV immediate early promoter. It should also be noted that 
the HRE elements silence the activity of the downstream SV40 promoter under normoxic 
conditions as is evidenced by the significant basal levels of transcription produced in 
normoxic conditions by the SV40 promoter alone which are dramatically reduced in the 
HRE/SV40 construct. 

The extent of activation with the OBhrel 1 sequence was unexpected according to the 
published data on activation of HREs. Thus the OBhrel 1 promoter construct is a good 
candidate for development of vectors for use in delivering NOls to tissues under hypoxic 
conditions. To test the properties of the OBhrel 1 promoter in the context of a viral vector 
delivery system, a fragment of the OBhrel 1 pGL3 plasmid (OB37) is isolated as a 
Mlul/Xbal fragment containing the PGK trimer/minimal SV40 promoter described above 
upstream of the luciferase coding sequence. This fragment is used as a starting point for 
the construction of the regulated lentiviral and adenoviral vectors described later. 

Example 2 - The PGK HRE elements in OBhrell, which contain a consensus 
sequence for transcription factor HIF-1, are capable of directing hypoxia mediated 
expression in macrophages, a cell type that lacks HIF-1 expression. 

The HRE promoters described above all contain DNA sequence motifs for the classical 
HRE binding transcription factor, HIF-1. This is a heterodimer consisting of HIF la and 
HIF ip, a member of the basic helix-loop-helix (bHLH)/PAS domain protein family (from 
the founding members of this gene family; Period, ARNT, and SIM). HIF la was 
originally identified as a protein binding to the HRE of the erythropoietin gene in 
hepatoma cells (Wang et al, 1995) but has since been implicated in the regulation of an 
expanding family of genes that are regulated by hypoxia in most cell types. 
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Macrophages infiltrate tumours to such an extent that they can form a significant 
proportion of the total tumour mass. In particular macrophages accumulate in areas of 
necrosis and thus hypoxia. Other ischemic diseases typified by hypoxia e.g. FA and 
cadiovascular disease also have significant macrophage infiltrates. 

Thus macrophages may be used to deliver genes to therapeutically relevant areas and 
would in particular target areas of hypoxia. Consequently, hypoxia regulation of 
therapeutic genes within this cell mediated delivery system may improve targeting of 
therapy and therapeutic index. 



It was therefore important to establish that macrophages can respond to hypoxia and have 
the regulatory systems to drive gene expression through HRE control since there is no data 
in the literature that primary human macrophages can respond to hypoxia via a HIF 
pathway. Consequently, we have carried out studies to assess whether macrophages 
15 possess HIF protein and if so are these transcription factors induced under hypoxic 
conditions. Furthermore can genes under HRE control respond to hypoxia in the 
macrophage context. 
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Materials and Methods 

Preparation of Macrophage Lysalesfor Western Blotting 

7 day old macrophages were plated on Primera 24 well plastic plates at a density of 3x1 0 5 
cells/well and allowed to adhere. The cells were then exposed for 16 hours to either 0.1% 
oxygen, 5% CO, (hypoxia) or 21% oxygen, 5% CO, at 37°C. The plates were removed 
from the incubator and the cells immediately lysed in SDS buffer (2% SDS, 10% glycerol, 
0.0625 M Tris-HCl pH 6.8, 5% p-mercaptoethanol) and heated at 99°C for 5 min. Lysates 
were stored at -70°C until a protein gel and blot could be performed (as described in 
Weisener et al, 1998). Blots were probed with antibodies to HIF-1 and a related factor, 
EPAS-1. 
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Results 

We now show that, surprisingly, in macrophages it is not possible to detect the HIF-1 
protein, by Western blotting, even under hypoxia, and yet the OBHRE promoter (PGK) is - 
activated in these cells when they are placed in hypoxic conditions (Figure 3). We also 
now show, by Western blotting, that macrophages do express a related factor of the 
bHLH/PAS family member termed EPAS-1 (endothelial PAS domain protein) or HRF 
(HIF-related factor) (Ema et al., 1997; Flamme el al., 1997; Tian et al., 1997). As predicted 
from the conservation of the DNA binding domain of the two proteins, EPAS-1 appears to 
bind to the same consensus sequence (defined as the HRE) as HIF-1. Published data have 
however indicated that EPAS expression is restricted to endothelial cells and this is the 
first time that EPAS has been found in non-epithelial cells. 

Thus the induction of OBhrel 1 in macrophages is either principally or entirely mediated by 
EPAS-1 and as such represents an EPAS responsive enhancer. Consequently, OBhrell 
may be used to drive expression in cell types that don't express HIF1 but do express EPAS. 

Example 3 - PGK derived enhancer sequences in the context of the MLV retroviral 
promoter 

To characterise further the PGK HRE trimer in the context of other strong viral promoters, 
the PGK HRE trimer is configured upstream of the MLV retroviral core promoter. Apart 
from assessing the wider utility of this HRE in the background of other core promoters 
this was useful to predict the behaviour of the HRE when further configured into a 
retroviral vector system that is based on the MLV genome. Thus the PGK HRE trimer is 
placed in the context of an MLV retroviral promoter, forward (natural) orientation. This 
construct is identical to OBhrell but with the HRE sequences placed upstream of the 
Moloney MLV retroviral promoter instead of SV40. Sequence shown up to transcription 
start. (SEQ ID. No. 4). MLV sequences shown in italics. 



Ar,r.TAGCr.TAGC GTCGTGCAGGACGTGACA TCTAGT GTCGTGCAGGAC:GTGAC 
ATCTAGT GTCGTGCAGGACGTGACA rCTAGAGAACCArCAGArGrrrCCAGGGr 
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GCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCG 
CTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCAC 

AACCCCTCACTCGG 

i „A in the context of the above MLV retroviral promoter 
The PGK HRE trimer is also placed in the contexi 01 uic a 

bu, in the reverse ori=„.a.io„. Sequence shown up ,o transcription « (SEQ ID. No. 5). 

AAGCTAGCTGTCACGTCCTGCACGACACTAGATGTCACGTCCTGCACGACACTA 
GATGTCACGTCCTGCACGAC rCTAGAGAACCATCAGATGT2TCCAGGGTGCCCC 
fiAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTC 
GCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCC 

TCACTCGG 

Both of these novel constructs are tested using the luciferase assay descnbed in Example 1 
and give induction levels of greater than 2 logs under hypoxia. Thus, these results indtcate 
tha, the MoMLV promoter my be used instead of the SV40 promoter and confirm the 
results obtained with the SV40 promoter in Example , showing that the PGK HREs 
function well in either orientation with respect to the promoter element. 

0 Example 4 - Constructor, of Hypoxia Regulated Retroviral Vectors 

To test the HRE/promoter constructs of the present invention in the context of a retrovira. 
vector delivery system, we constructed MLV based retroviral vectors. 

25 HRE retroviral vector plasmid construction 

Plasmid pLNSX (A D Miller, Fred Hutchinson Cancer Center: Miller and Rosmarr, >« 
Genbanx Accession No. M28246) ,s cu, ,n the 5' and V LTR's with Nnei and reU g *edto 
remove the retroviral genome. The resuhing plasmid, P LNhe, was cut with Nhel and Xba 
to remove a 267 bp fragment containing the retrovira! enhancer from the V LT* and 
3 „ Ugated to a 72 bp oligomer consisting of a trimer of the phosphoglycerate kinase (PGK 
hypoxia response element to produce pLNheHRE. The plasmid pMO, (Kim „ a,., 
was cu. w„h Nhe, and the resulting retrovira, genome ligated into the pLNheHRE to 
■ create plasmid pMOlHRE. A nuclear localising UcZ sequence was ligated into pMOlHRE 
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Stul-Xhol fragment 3' to the IRES to create pHRE. The lacZ sequence was prepared 
by PCR, the PCR primers being designed such that the 5' end of the LacZ gene could be 
modified by the addition of the SV40 large T antigen nuclear localising signal, amino acid 
sequence MGTAPKKKRKV. 

pMUTHRE, a variation of pHRE was constructed by inserting a 72 bp mutant PGK 
oligomer, which contained a point mutation in the HIF1 binding site (see below). As a 
positive control a similar plasmid, pLTR is constructed which contained an intact 3' LTR. 
A similar group of plasmids are also constructed with the luciferase reporter gene instead 
of LacZ. 



PGK 


"CTAGCTGTCACGTCCTGCACGACACTAGATGTCACGTC 
CTGCACGACACTAGATGTCACGTCCTGCACGACT 


PGK (mut HRE) 


CTAGCTGTCCATTCCTGCACGACACTAGATGTCCATTCCTGCAC 

C-ACACTAGATGTCCATTCCTGCACGACT 

Point mutation in HIF site in bold 
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Beta-galactosidase chemiluminescent reporter assays 

These were carried out using the Tropix Galacton-Plus® reporter assay system with a 
Dynex Technologies (West Sussex) MLX Microliter® plate luminometer. All reporter 
assay were carried out in triplicate. 

Protein Assays 

These were carried out using the Biorad Detergent Compatible protein assay kit (BioRad, 
UK) together with a Dynex Technologies MRX Plate reader using a bovine serum albumin 
protein standard. 

Transient Recombinant Retroviral Production 

Recombinant retroviral vectors were produced using the three-plasmid expression system 
previously described (Soneoka el al., 1995) with a few modifications: 16 ug of the genome 
plasmids described above were co-transfected with 16 ug of the gag-pol plasmid pHIT60 



PCT/GB99/03181 
WO 00/173? 1 



-77- 



0 



(Soneokae,*,. 1995)and 8 ,gof .he VSV-G,e„v plasmtd (Kim « a,., .990 on.o a ,0 an 
dish of 70% confluen. 293T cells. After approximately 6 hours .he medium was removed. 
The viral superna.a„. was harves.ed 36 hours la,er and filtered .hrough a 0.45pm f.He, 

Retroviral .itre was de.ermir.ed using D.7 cells. The cells were plaud o„,o a twelve-well 
culture dish a. a densuy of 6 x W .he day before .ransduCion. Supernatant (. ml a. 
apP ropria.e dilutions of the original stock) conuining 8 pg/m, polyhrene (Sigma) was 
added ,o each well. After 24 hours ,ncuba.io„ in ei.h=r normoxic or hypoxic condmons, as 
previously described, me vira, .ore was de.ermined by X-ga. staining and counnng .he 
number of bela-galactosidase positive cells. 



Results 



The results obtained wi,h these hypoxia regulated MLV based retrov.mses demonstrate 
ft* a pool of stable transductants show a surprisingly high degree of re 8 ula,io„ and show 
more man a .wo log increase in viral titre and a 40 fold induction of reporter gene act.v.ty 
under hypoxia (see Figures 4 and 5). 

E*a mp .e 5 - Duplication and genera,*- of flanking HREs enhances hypoxia response 

U is known ma. secuences inserted into regions of the 3' LTR of retrovira. vectors are 
duplicated when the retrovinrs in.egra.es into the hos. genome. To de.crmine whe.her the 

u. • ~a in Fvamnle 5 with MLV retroviral constructs were as a 
surprising results obtained in Example d 

,- • f tUo prp « e nuences inserted into the 3' LTR, we have 
consequence of a duplication of the HRE sequences mse 

25 produced a series of retroviral vector plasmids to mimic the proviral genome. The HRE in 
the 5' and 3' position are sequentially mutated and analysed in a transient reporter system 
for use in transient transfection assays 

A series of vectors are constructed to analyse the activity of the HRE linked to the 
3 „ MoMLV promoter in a transient assay. The HRE and MoMLV promoter are removed from 
pLNheHRE as an Nhel-Sma, fragment and inserted into the MCS of pOL3 bas.c 
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(P rome g a> ,0 produce pGLHRE and pGLMUT. pGU promo,er and P OL3 control are 
used as negative and positive controls respectively. 

The vectors p5'HRE3'MUT, pS-MUlTHRE. p 5 'MUT3'MUT and p5'HRE3'HRE are ., 
re.rov.ral genome with linearised pLNheHRE cu, with the same enzyme. 

The da, shown (Figure „> clearly demonstrate tha, bom the 5 - and V HRE are involved in 
transcriptional regulation and that me surprising results obtained in Example 
syne.gis.ic effec, be.ween the S - and 3' HRE seouences. Thus, we have now dem„»s,ra ed 
B an MLV retroviral vec.o. system tha, duplication of the HRE seouences enhances the 

HRE 1 the LTR results in duration of ,e enhancer during reverse „ -o ■» 
the transduced cell such tha, the provira, genome has .denucal flankmg HRE . - 

of the transcriptional response .0 hypoxia. Conseouently, retroviruses ofler key advances 

in the delivery of hypoxia regulated genes. 

The b.ology of re— provides s.ra.egies for optimising the control of other delivery 
20 "ems. For example , non viral gene delivery .s reared plasm.d vecto, canhe 
configured wi,h flawing enhancers .o mimic me provira, genome structure of a re.rov.rus. 

,, is import .o no.e tha, these da. can he extrapolated to other non HRE enhancer 
systems where a similar synergy can be envisaged. 

^ Example 6 - Construction of hypoxia reguUted retrovira. vectors containing NO., 

R RVs may be constructed using a packaging cel, line system such as K..VRDI. (Cosset - 
I l,o 5) a plasmid vector containing the vector genome .o be packaged ,s ..ansfecte 
3„ imo the packaging cel, line as described <Cosse. - ,»5> «, derive .he proper ceU 
„„e. A suitable plasm.d con,,ni„g vec.or genome is pH,T, 1 1 (Soneoka „ a, .«> T e 
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biology techniques. The HRE regulatory elements may similarly be introduced into the 
retroviral LTR in pHIT 1 1 1 in place of the retroviral enhancer to ensure hypoxia regulated 
expression of the NOl. The plasmid is then co-transfected with a selectable marker NOl 
appropriate for FLYRD18 cells (e.g. P SV2neo; Genbank Accession No. U02434) and 
transfected cells are selected in 1 mg/ml G418 (Sigma). 



A suitable HRE-containing enhancer consists of three copies of the HRE from the PGK 
gene (Firth et al, 1994). An example, WT PGK18+++, (SEQ ID. No. 6) is shown below. 
Also shown below is MUT PGK18+++, a mutant HRE-containing sequence to be used as a 
control which is not regulated by hypoxia. The synthetic oligonucleotides shown below 
3 are inserted between the Nhel and Xbal sites in the 3' LTR of pHITl 1 1 to generate a 
retroviral vector in which gene expression in the target cell is under hypoxia control. An 
alternative retroviral vector, constructed in the same way, is pKAHRE shown in Figure 7. 



(SEQ ID. No. 6) 

WT PGK 18+++ v v 



CTA GCT GTC ACG TCC TGC ACG ACA CTA GAT GTC ACG TCC TGC 
^hel) gI Sg TGC AGG ACG TGC TGT GAT CTA CAG TGC AGG ACG 

90 ACG ACA CTA GAT GTC ACG TCC TGC ACG ACT 

20 _„„ ™ ™ ^ vr.r AGG ACG TGC TGA GATC 3' (Xbal) 



MT PGK 18+++ 

2 , 5' CTA GCT GTC CAT TCC TGC ACG ACA CTA GAT GTC CAT TCC TGC 

^Nhel) GA CAG GTA AGG ACG TGC TGT GAT CTA CAG GTA AGG ACG 

ACG ACA CTA GAT GTC CAT TCC TGC ACG ACT ^ ^ 



30 



TGC TGT GAT CTA CAG GTA AGG ACG TGC TGA GATC 3' 

Another configuration constructed according to the principles outlined above is XiaGen- 
P450 (see Figure 8). This vector contains a therapeutic gene for human cytochrome P450 
(CYP2B6) which activates the anti-cancer compound cyclophosphamide. Any other 
therapeutic gene as recited above could also be used. XiaGen-P450 also contains a reporter 
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gene that encodes green fluorescent protein and a selectable gene that encodes neomycin 
resistance. 



The CYP2B6 gene is 
5 mRNA as follows. 



obtained by PCR amplification from human hepatocyte derived 



First strand cDNA containing the coding region of P450 CYP2B6 was obtained by reverse 
transcription from commercial liver total RNA (Clontech) using an oligo-dT primer. The 
corresponding double-stranded cDNA fragment was amplified by PCR using the pnmers 
0 P450F (sequence: CAG ACC ATG GAA CTC AGC GT) and P450R (sequence: GGA 
CAC TGA ATG ACC CTG GA). Due to the low abundance of CYP2B6 mRNA in the 
liver RNA preparation, a second round of PCR was performed on the fust PCR product 

, • i DA^nPOR r<?eauence- TCA TGC TAG CGG ATC CAC 

using oligonucleotide pnmers P450FOR (sequence, 

CAT GGA ACT CAG CGT C) and P450REV (sequence: AAA ATC ACA CTC TAG 
,5 ATT CCC TCA GCC CCT TCA GC) for the plus and minus strands respectively. 

The cDNA fragment generated from the PCR amplification was cloned into the pCRII- 
TOPO vector using the TOPO TA Cloning Kit from Invitrogen. Th.s was then cloned 
upstream of the IRES sequence in pHRE as outlined in Example 4. The correct gene 
20 sequence is confirmed by comparison to the established sequence (Yamano et al., 1989 
GenBank Accession No. M29874). 

Example 7 - Construction of tissue-restricted hypoxia responsive promoters 

25 To further regulate the expression of NOls using the hypoxia regulated expression system 
of the present invention, tissue-specific regulatory sequences may be oncrably linked to the 
HRE/promoter sequences. We have therefore constructed and tested constructs that 
confine expression of an NOI to cells that have differentiated into the granulocyte- 
monocyte lineage, in addition to hypoxia-regulated expression. Using promoters that are 
30 specific to, or upregulated in, the monocyte/macrophage lineage will restrict therapeufcc 
gene expression to these cell types. Suitable promoters for this purpose include those wuh 
consensus sequences that bind myeloid specific transcription factors such as PU1 or 
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transcription factors that are up-regulatcd during differentiation into macrophages such as 
CEBP-P (NF IL 6) (See Clarke and Gordon 1998). 

Two constructs are used. The first is based on cellular macrophage regulatory sequences. 
5 The second is based on HIV regulatory sequences. 
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a) Cellular promoter 

An oligonucleotide is synthesised in two parts based on tissue specific control elements 
residing in the M CSF receptor promoter (Zhang et ai. 1994) flanked with a HindUVNcol 
site for cloning into P GL3 basic vector (Promega) and subsequent analysis in luciferase 
reporter assays. Sites of transcription factor binding are indicated. 

SP1 

CTTAAAGACCCAAGATTTCCAAACTCTGTGGTTGC^ 

CEBP? PEBP2/CBF pu - 1 

GAAGAGGATCAGCCCAAGGAGGAC 

20 b) HIV promoter 

The transcription control sequences of HIV reside in the LTR, this generally consists of 
two NFkp sites and three SP1 sites upstream of the ATATAA box (Koong et ai, 1994). 

25 An Entrez database nucleotide search is performed for HIV LTR sequences and these are 
analysed for the integrity of the motifs outlined above. Submission U63538 (Zacharova et 
ai, 1997) describes an isolate that shows the well conserved motifs of two NFk P sites and 
three SP1 sites. However we observed that this particular isolate also had the consensus 
sequence for binding of NF-IL6 (C/EBP|J). As discussed above this transcription factor is 
30 known to be active in macrophages. 
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Oligonucleotides are synthesised in two parts to generate the sequence from Genbank 
Accession No U63538 positions 279 - 447. These are synthesised with Nhel/Smal ends 
to facilitate cloning. The annealed and ligated oligonucleotide is cloned into OB37. The 
final construction is shown below (SEQ ID. No. 7). 



XiaMac sequence 

r.CTAGAGTCGTG CAGGACGTGACA TCTAGTGTCGTGCAGGACGTGACA 

HRE HRE 

TTTAGTGTCGTGCA GGACGTGACA GCTAGC ATTCCATCA CGTGGCCCG 

~HRE NF-IL6 

AGAGAAGCATCCGGAGTACTACAAGGACTGCTGACAGCGAGATTTCTA 

CAAG GGACTTTCC GCTGG GGACTTTCC AGGGAGGTGTGGCCTGGGCG 

NFkp NFkp Spl Spl 

GGAC T GGGGAGTGGCG AGCCCTCAGATGCTGCATATAAGCAGCAGCTGCTT 

Spl 

TTGCCCC 

We have therefore constructed a novel synthetic promoter (XiaMac) that combines the 
HRE mediated response to hypoxia with tissue specificity (macrophage). 

As shown in Figure 9 when the XiaMac promoter is tested in non-macrophage cells such as 
breast cancer cells there is no activity at all. However if the cells are subjected to hypoxia 
then activation is observed (negative control is pGL3 promoter only, CMV control is CMV 
promoter without HREs). In contrast the promoter is active in macrophage cell line and the 
activity is boosted by hypoxia. The XiaMac promoter response to hypoxia is abolished if 
the HRE is inactivated (Figure 10). 

Example 8 - Construction of a macrophage-specific promoter restricted by 

repression. 

Additional sequences may also be added to the HRE enhancer/promoter sequences of the 
present invention to further restrict the expression to particular cells, for example 
5 macrophages, under defined conditions. An example of this approach would be the IRF 
system (Taniguchi et a/., 1995; Kuhl et aL 1987). In this situation an interferon response 
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element (IRE) is used that can bind the transection factors IRF1 and IRF2. IRF2 is 
constitutively bound to this IRE in macrophages and lacks the ability to activate 
transcription. Interferon activates IRF1 expression that can then compete for binding w,th 
IRF? The ability of IRF1 to activate transcription thereby reverses IRF2 repression. IRF1 
also induces IRF2 gene expression thereby limiting activation of transcription by 'auto shut 
off Inclusion of a tetramer of the IRE can block SV40 promoter function in the absence 
of IRF1 activation. We have now shown that inclusion of this tetrameric sequence 
downstream of the HRE 5' to the ATATAA (i.e. the TATA box-like element in the SV40 
promoter) confers repression in the absence of activation by interferon. 

The IRE is cloned into the XiaMac promoter as follows:- 



3 Oligonucleotides are designed consisting of a tetramer of the IRE s.te as follows with 
K Banll sticky ends: C(AAGTGA) 4 GAGCC. 



y 

□ 



Within the XiaMac promoter there is a Banll site which is 3' to the last SP1 site and 15 bp 
upstream of the TATAA. Insertion of the IRE elements at this site produces a repressed 
promoter (XiaMac-IRE (SEQ ID. No. 8)) that can only become active in the presence of 
interferon and hypoxia. 
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XiaMac-IRE sequence 



GCTAGAGT^GTGCAGGACGTGACATCTAGTG^ 
25 TCTAGT GTCGTGCAGGACGTGA ^GCTAGCATTC^A^CGTGGCCCG 

agagaagcatccggaSactacaaggactgctgacagcgagatttcta 

CAAGGGACTTTCCGCTGGGGACTTTOI^ 
30 NFkp NFkP Spl Spl 

GGACTGGGGAGTGGC AAGTGAAAGTGAAAGTGA2VAGTGA 

Spl IRE IRE IRE IRE 



GAGCCCTCAGATGCTGCATATAAGCAGCAGCTGCTTTTGCCCC 
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Example 9 - Construction of hypoxia regulated lentiviral vectors 

Lentiviral vectors offer significant advantages over conventional MLV based retrcvira. 
vectors because they can transfer genes to non-dividing and slowly divid.ng cells. 

The data show above ■„ Examples 5 and 6 indicate that the optimum configuration of a 
hypoxia regulated vector is one where mere is a duplication of the HRE in the 5' and 3" 
LTRs. This has led us to design regulated single transcription unit lentiviral vectors. 

Materials and Methods 



Plasmid construction 

The hypoxia responsive promoter has been configured into a lentiviral vector, pEGASUS-1 
(also P EGASUS-4( + ) - Figure 1 la) and the related vector pONY2.! (Figure I lb). Bom are 
derived from infectious proviral E1AV Cone pSPEIAV,9 (Payne e, aL, 1998; Accession 
No. U01866). The construction of these plasmids is described below (taken from U.K. 
ySJ patent application no. 9727135.7). 



20 pONY2.1 

Plasmid pONYl was constructed by inserting the EIAV 5' LTR into pBluescnpt II KS 
(Stratagene). The EIAV 5' LTR was amplified by PGR from P SPEIAV19 using pfu 
polymerase and the following primers - 5< GCATGGACCTGTGGGG'ITTTTATGA GG 
and 3" GCATGAGCTCTGTAGGATCTCGAACAGAC. The amplification product was 
25 blunt-ended by 5' overhang fill-in and inserted into pBluescript II KS' cut with BssHU 
which had been blunt ended by 3' overhang removal using T4 DNA polymerase Tins 
construct was called pONYl and the oriental was 5' to 3' in relation to P-galactosrdase 
of pBluescript II KS + . Sequencing of pONYl revealed no mutations. 

30 The en* region of P SPEIAV19 was deleted by removal of the Hind IWHind III fragment to 
generate P SPEIAV19AH. The Mlul/Mlul (216/8124) fragment of pSPH,AV19AH was then 
mserted into pONYl cut with Mlul to generate a wild type proviral clone (pONY2AH) in 
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pBluescript II KS\ A BssHII digest (619/792) of pBluescript II KS 1 was carried out to 
obtain the multiple cloning site. This was blunt ended by 5' overhang fill-in and ligated to 
pONY2AH cut with Bglll and Ncol (1901/4949 - within pol) and blunt-ended by 5' 
overhang fill-in. The orientation was 3 1 to 5' in relation to the E1AV sequence. This was 
called pONY2.1. 

pSPCMV was created by inserting pLNCX (Genbank Accession number: M28246) 
(Pstl/Hindlll) into pSP72 (Promega; Genbank Accession No. X65332). The 
P-galactosidase gene was inserted from pTIN414 (Cannon et al., 1996) into pSPCMV 
(Xhol/Sphl) to make pSPlacZ. The 5' end to the p-galactosidase gene was replaced by the 
SV40 T-antigen nuclear localization signal from pAD.RSVbgal (Stratford-Perricaudet et 
al., 1992) to make pSPnlslacZ (Xhol/Clal). The CMV nuclear localizing and non-nuclear 
localizing p-galactosidase from pSPlacZ and pSPnlslacZ was cut out with PstI and inserted 
into the PstI site of pONY2.1 in the 5' to 3' orientation of EIAV. These were called 
pONY2.1nlslacZ and P ONY2.11acZ (Figure 1 lb). 

pEGASUS-1 

This is an EIAV-based vector that contains only 759 nt of EIAV sequences (268 nt-675 nt 
and 7942 nt-8292 nt). Sequences encompassing the EIAV polypurine tract (PPT) and the 
3'LTR were obtained by PCR amplification from pONY2.1 using primers PPTEIAV+ 
(Y8198): G ACTACG ACT AGT GT ATGTTTAG AAAAAC AAGG , and 3'NEGSpeI 
(Y8199): CTAGGCT ACTAGT ACTGTAGGATCTCGAACAG. The product was purified, 
digested with Spel and ligated into pBS II KS + which had been prepared by digestion with 
Spel and treatment with alkaline phosphatase. Colonies obtained following transformation 
into E. coli, XL-lBlue were screened for the presence of the 3'LTR in the orientation in 
which the U5 region of the 3'LTR was proximal to the NotI site of the pBS II KS + linker. 
The sequence of the cloned insert was determined and showed that it contained only one 
change from the EIAV clone pSPEIAV19. This was a 'C insertion between bases 3 and 4 
of the R region. The same change was found in the template used in the PCR reaction. 
0 The clone was termed pBS. 3'LTR. 
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Next a reporter gene cassette, CMV promoter/LacZ, was introduced into the Pstl site of 
pBSJ'LTR. The CMV/LacZ cassette was obtained as a Pstl fragment from pONY2.1 . The 
ligation reaction to join the above fragments was transformed into E. coli, XL-lBlue. A 
number of clones in which the CMV/LacZ insert was orientated so that the LacZ gene was - 
proximal to the 3'LTR were assessed for activity of the CMV/LacZ cassette by transfectton 
into the cell line 293T using standard procedures. A clone which gave blue cells at 48 
hours post-transfection following development with X-gal was selected for further use and 
termed pBS CMVLacZ.3'LTR. 

The 5' region of the E1AV vector was constructed in the expression vector pCI-ENeo 
which is a derivative of pCI-Neo (Promega; Genbank Accession No. U47120) modified by 
the inclusion of approximately 400 base pairs derived from the 5' end of the full CMV 
promoter as defined previously. This 400 base pair fragment was obtained by PCR 
amplifcation using primers VSAT1 (GGGCTATATGAGATCTTGAATAATAAAATG 
TGT) and VSAT2 (TATTAATA AC TAGT ) and P HIT60 (Soneoka et al., 1995) as 
template. The product was digested with Bglll and Spel and ligated into pCI-Neo which 
had been digested similarly. 

A fragment of the E1AV genome running from the R region to nt 1 50 of the gag coding 
0 region (nt 268 to 675) was amplified with primers CMV5TJAV2 (GCTAC 
GCAGAGCTCGTTTAGTGAACCG^GCACTCAGATJ]CrG: [sequences underhned 
anneal to the EIAV R region]) and 3'PSI.NEG (GCTGAGCTCTAGAGTCCTTTTCTTT 
TACAAAGTTGG) using P SPEIAV19 as template DNA. The 5' region of the pnmer 
CMV5'E1AV2 contains the sequences immediately upstream of the CMV promoter 
25 transcriptional start site and can be cut with Sad (bold). 3'PSI.NEG binds 3' of the EIAV 
packaging sequences as defined by deletion analysis and contains an Xbal site. 

The PCR product was trimmed with Sacl and Xbal and ligated into oCl-Eneo which had 
been prepared for ligation by digestion with the same enzymes. This manipulation places 
30 the start of the EIAV R region at the transcriptional start point of the CMV promoter and 
transcripts produced thus start at the genuine start position used by EIAV and extend to the 
3'-side of the packaging signal. Clones which appeared to be correct as assessed by 
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restriction analysis were sequenced. A clone termed pCI-Eneo.5'EIAV was selected for 
further work. 

In the next step the CMVLacZ and 3'LTR cassette in P BS.CMVLacZ.3'LTR was 
introduced into P CI-Eneo.5'EIAV. pBS.CMVLacZJ'LTR was digested with Apal, the 
3'overhangs removed with T4 DNA polymerase, then digested with Notl. The fragment 
containing the CMVLacZ.3'LTR was purified by standard molecular biology techniques. 
The vector for ligation with this fragment was prepared from pCIEneo.5'EIAV by 
digestion with Sail, followed by filling-in of the 5'overhangs using T4 DNA polymerase. 
The DNA was then digested with Notl and purified prior to use in ligation reactions. 
Following transformation into E.coli, XL-lBlue colonies were screened for the presence of 
the insert by restriction analysis to identify the required clone, designated pEGASUS-1 
(see Figure 11a which actually shows pEGASUS-4(+), a version of pEGASUS-1 
containing an EIAV RRE immediately downstream of the EIAV R-U5-psi region - see 
below for details). 



P EGASUS-4(+) 

Further improvements to the EIAV vector pEGASUS-1 may be made by introduction of 
additional elements to improve titre. A convenient site for the introduction of such 
elements is the Sail site which lies between the Xbal to the 3' of the packaging signal and 
upstream of the CMV/LacZ cassette of pEGASUS-1. For example the RRE from EIAV 
can be inserted at this site. 

The EIAV RRE as defined previously was obtained by PCR amplification as follows. 
Using P ONY2.10LacZ as template two amplifications were performed to obtain the two 
parts of the EIAV RRE. The 5' -element was obtained using primers ERRE1 
(TTCTGTCGACGAATCCCAGGGGGAATCTCAAC) and ERRE2 (GTCACCTTCCAG 
AGGGCCCTGGCTAAGCATAACAG) and the 3'element with ERRE3 (CTGTTATG 
CTTAGCCAGGGCCCTCTGGAAGGTGAC) and ERRE4 (AATTGCTGACCCCCAAA 
ATAGCCATAAG). These products will anneal to each other hence can be used in second 
PCR reaction to obtain a DNA which 'encodes' the EIAV RRE. The second PCR 
amplification is set up without primers ERRE1 and ERRE4 for the first 10 cycles and then 
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lhe se primers are added to the reaction and a farther 10 cycles of ampliation carried ou, 
these primers nFGASU S-l were digested with Sail, ligated and 

The resulting PCR product and pEGAbUb i were » 

Z LedL E.col, X L ,B,ue. Clones in which *. E1AV RRH was in e« er rhe 
" ,,ive or neganve o„en t a,ions were selecied to, further wo,. These vec.ors plasnuds 
were called pEGASUS-4( + ) (see Figure 1 la) and pEGASUS-4(-). 

oONY HRE luc/lac 

' • ONY2 1 is excised as an Xbal/AscI fragment and replaced with an 

The CMV promoter in pON Y2.1 is excis>eu a 

Mh.T/XbaI site This consequently allows insertion of the 
oligonucleotide containing a Mlul/Xbal site. 

i . j frnm OB37 (Figure 1) creating pONY HRE luc/lac (Figure 
n Mlul/Xbal fragment isolated from OB3/ (figure , 

t L ucifeL coding sequence is removed as an Ucol fragment and the backbone 
Ltted creating P ONY HRElac. Similarly, lacZ is removed as Xbal/Sall then the 
backbone religated to create pONY HREluc. 

15 pEGHRELacZ/luc crA<;TTQ_i 

E - • a A.„m the F1AV vector plasmid pEGAbub-i 

The CMV promoter lacZ cassette is excised from the blAV 

I EcoIU a. replaced win, a s^, oHgonucleoride co„,a,n,ng a Sac, anda = 

, • f tho urf luc/HRE lac cassette from pONY HKb luc anu 
site This allows the cloning of the HRb lucm^c ia 

p : N V ^ .ac as Sac„Bsu,6 - SacI^coR, fragments respecrive,, The fmal vecrors 
„ are designated pEO-HRE-lacZ (shown in Figure lid) and pEG-HRE-.uc. 



25 



u prHRF vectors may be constructed to express therapeutic 
\w\nv the same approach pEGHRb vectors may 

„2 1 as any" <he rherapeu.ic genes l.sred ahove, ,„ place of ,c lacZ or Luc genes. 
C ma y he Coned ,n,o pEGHRE veCors h y excis,on of rhe lac.luc fragment from 
JoHpilacZ or pEG-HRE-luc wirh Sac„B S u36 and Sad/EcoUl. respec,,e, y , and 
Con of a suuahle frag.cn. conning a coding secuencc. An exampie of a .herapeuu 
which ma y he used is rhe gene encodmg an t ,an 8 io g e nl c facor —spondm-l 
(Genbank Accession No. X04665). 
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Luciferase and bem-galactosida.se assays using cells producing viral particles from 
pEGHRE plasmids 

Viral particles with the pEGHRE genome are produced in a transient three plasmid system 
(Soneoka et aL 1995). 48 hours post-transfection tissue culture fluid is collected and 
5 filtered through 0.45 urn filters. Ten-fold dilutions are made in culture medium containing 
polybrene at 8 mg/ml and then 500 ul aliquots titred on D17 canine osteosarcoma on 
parallel plates seeded at 0.8 x lOVwell in 12 well plates on the previous day. The 
transduced cell population is split and incubated overnight in normoxia (21% oxygen) or 
hypoxia (0.1% oxygen). 

10 

Cells transduced with lacZ-expressing viruses are stained by X-gal histochemistry 
(MacGregor et aL, 1991) and end point titres calculated. Titre is a measure of 
P-galactosidase gene expression and reflects changes in gene expression between cell 
populations under conditions of normoxia and hypoxia. Cells transduced with luc- 
15 expressing viruses are tested for luciferase activity. 



Results 



In the experiment shown the titre obtained from the parent -pEGASUS-1' vector (with a 
:o CMV lacZ transcriptional unit) does not change significantly under hypoxia, whereas the 
regulated vector, pEG-HRE-lacZ, titre is induced by at least 100 fold (Figure 12). 
Luciferase activity of cells transduced with pEG-HRE-luc increases 12 fold under hypoxic 
conditions (Figure 13). These data indicate for the first time that it is possible to obtain 
highly efficient hypoxia regulation in the context of a lentiviral vector. 

Example 10 - Construction of hypoxia regulated lentiviral single transcription unit 

vectors 

An alternative E1AV vector for use in this invention is where the therapeutic gene and a 
30 marker gene are expressed from a single transcription unit. Single transcription unit vectors 
are generally preferred over SIN vectors and vectors containing internal transcription unit 
because of advantages in vector production. These advantages are that the SIN vector must 
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bc introduced into a producer cell by transfection rather than transduction and this often 
reduces the number of high efficiency producer clones that can be obtained. It is also 
observed that vectors that contain internal transcription units generally give lower yields 
than single transcription unit vectors. Furthermore, as we have described above, the 
duplication of the HRE that can be achieved in a single transcription unit vector optimises 
hypoxia regulation. A single transcription unit lentiviral vector regulated by hypoxia vector 
is described below:- 

Vector Construction 

The IRES is generated by PCR from pIRES-lhyg (Clontech) to mcorporate flanking 
restriction sites to enable subsequent cloning; 

ST1 (lead) - ATCGCTCGAGCTGCAGGGCCGCACTAGAGGAATTCGC 
ST2 (complement) - GGTTGTGGCCCATGGTATCATCGTGTTTTTCAAAGG 



This results in a Xhol IRES Ncol cassette. This cassette is then cloned into pSPlacZ (see 
Example 9) upstream of lacZ such that the Ncol site coincides with the ATG initiator of 
,0 lacZ (pSPIRESlacZ). The IRES lacZ cassette is isolated as a Pstl/Bstl 107 fragment and 
used to replace the CMVlacZ cassette of pPEGASUS4( + ) (excised as sse8387/Bstl 107 
fragment). This plasmid is designated pEG4+ IRES Z. 

An overlapping PCR approach is used to replace part of the EIAV U3 enhancer region in 
25 the 3' LTR with an HRE (see Figure 14). A similar vector can be constructed where the 
U3 region is largely derived from any retrovirus or lentivirus or and other hybrid promoter 
such as those described above. The only limitations are that the terminal nucleotides of the 
parental vector are retained to ensure compatability with the lentiviral mtegrase and that the 
two R regions are homologous to allow efficient reverse transcription. A typical 
30 configuration for such a hybrid LTR is described in detail in WO-A-96/33623 and 
WO-A-98/17816. The final configuration of this vector is shown in Figure 15. 
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Example 11 - Construction of an autoregulated hypoxia responsive lentiviral vector 

It has previously been shown that the over-expression of HIF-la can increase the 
expression from a number of hypoxia regulated promoters. This protein is known to be ~- 
unstable in normal cells but this can be bypassed by over-expression. Such over expression 
would therefore compromise the specificity of the hypoxia response. The discovery that the 
OBHRE promoter is responsive to E-PAS opens up a new route to amplifying the response 
to hypoxia. To avoid the problem of constitutive expression of HIF-1 we have configured 
the E-PAS gene into a lentiviral vector that is itself responsive to hypoxia. In this way the 
vector is activated by hypoxia to express the E-PAS gene and the E-PAS protein then acts 
further on the HRE to augment expression. Given that HIF-1 is known to be labile once 
oxygen levels return to normal this vector system has the advantage of providing a longer 
term response to hypoxia. The initial priming of the vector is specific by virtue of the HRE 
interacting with HIF-1 or E-PAS. The production of E-PAS maintains the expression after 
the initial hypoxia stimulus is finished. Ultimately the response will decay according to the 
half life of the E-PAS protein. 

The auto-regulated vector that expresses E-PAS and lacZ is shown in Figure 16. The 
E-PAS coding sequence is obtained by PCR amplification using primers according to the 
known sequence of the cDNA (Accession number U81984; Tian et al, 1997) and is cloned 
downstream of the EMCV IRES. The subsequent IRES EPAS1 cassette can then be 
inserted downstream of the IRES lacZ cassette described in Example 10 and shown ,n 
Figure 15. 

25 This approach is not limited to lentiviral systems and may be used in any of the HRE 
regulated NOI delivery systems, viral and non-viral referred to throughout. 

Example 12 - Construction of a hypoxia responsive adenoviral vector for the 
expression of a therapeutic gene. 



30 



Another viral vector system widely used to deliver genes to cells is the adenovirus-based 
system. Adenoviruses are capable of infecting a wide variety of cell types, including non- 
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dividing cells and can be grown to h,gh .tares. Adenoviruses do no, tn.egrate into the host 
cell genome and are thus generally only suitable for short-term gene delivery. However, 
transient gene therapy may be a more appropriate approach in some circumstances. 

In particular, adenovirus may be advantageously used to infect stem cells for use in gene 
therapy. When the progeny of the stem cells differentiate and migrate to target tissue they 
are still capable of delivering a therapeutic gene without division and differenttatton. 
Since the adenovirus does no, integrate into the cell genome, as ,he stem cel. divides ,he 
vecor is gradually los, from the cel. population. However stgntfican, vector is still present 
in the progeny cells following differentiation into various lineages. Thus a populahon of 
differentiated cells can be derived from the stem cel. which contain the adenovirus wtthout 
permanently modifying the stem cel.. 

A firs, generatton recombinant adenoviral vector (E1/E3 deleted) has been constructed 
such tha, the bacteria, p-galactosidase reporter gene is under the control of a hypoxtcally 

regulated promoter. 

The firs, generation adenovirus vectors consist of a deletion of the E. and E3 regions of the 
virus allowing insertion of foreign DNA, usually into the left arm of the virus adjacent to 
, the left Inverted Terminal Repeat (IT*). The viral packaging signal (194-358 nt) overlaps 
„i,h ,he Ela enhancer and hence is presen, in most El deleted vectors. This sequence can 
be translocated ,o the right end of the vtral genome (Hearing and Shenk, 1983). Therefore, 
in an El deleted vector 3.2 kb can be deleted (358-3525 nt). 

, 5 Adenovirus is able to package 105% length of the genome, thus allowing for addition of an 
extra 7 Ikb Therefore, in an E1/E3 deleted viral vector the cloning capacity becomes 7 - 
kb p 1 kb -M .9 kb (removal of E3) and 3.2 kb (removal of El)). Since the recombmant 
adenovirus lacks the essential El early gene it is unable to replicate in non-El 
complementing cel, lines. The complementing 293 eel, line has been developed by 
30 Graham e, al (1977) and contains approximately 4 kb from the left end of the Ad5 genome 
including the IT*, packaging signal, Ela, Elb and plX. tb. cells stably express El. and 
E.b gene products, bu, no. the late protein IX, even though P IX sequences are withm Elb. 
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,. non-complementing cells the El deleted virus — es the eeU an. is transported to 
,he nucleus but there is no expression from the El deleted genome. 

■ „ ii,. fiwion DNA into an El shuttle vector, where the ■-. 
The general strategy involves cloning the foreign UN a into 

E, region from 402-3328 bp is replaced by the foreign DNA cassette. The recombtnan. 
plasmid is then co-.ransfec.ed into 293 cells wi.h the P JM17 plasmid (Microbtx 
Biosystems Inc. (Ontario, Canada)). 

• t«,r,^ s vectors with inserts/mutations in early 
pJM17 is used to construct adenovirus type 5 vectors witn 

„ ,wt;rm nf the E3 region and an insertion ot the 
region 1 (El). pJM17 contains a deletion ot the w g 

j • ♦• ~ „bpy Cincludine the ampicilhn resistance and 
prokaryotic P BR322 vector derivative pBRX (including 

Lterial on seances) into the El region at 3.7 map unit, This 40 kb plasmid is 

too large to be packaged into adenonucleocapsids but can be propagated in bacteria. 

u- *■ 9<n cells results in replacement of the amp r and on 

Intracellular recombination in 293 cells resuus y 

sequences with the insert of foreign DNA. 

In ,he examples described below two transfer vectors have been used. The ^obtained 
ft „m Mtcrobix is called pElsplA and the second obtained from Quantum Biotechno, ogt. 
is called pAdBN. The pAdBN plasmid has the advantage that the new (foreign) DNA c. 
, be inserted in either orientation. This places the insert ,n a afferent spatia, relationship 
with the resident adenovtral genes which can in some cases adversely affect expresston. 
both cases the second DNA is a defective version of the adenoviral genome, ether as a 
plasmid for example pJM17 or as a part of the viral DNA for example the so-called rtgh, 
arm of Ad 5 . Homologous recombination generates the final gene transfer vector. 

The construction of the hypoxia regulated adenovtral vector ts described below: 

The luciferase gene ,n OB37 (Figure 1) is replaced by the bactcna, p-galactosidase 
encoding gene via an Ncof-Xba, fragment swap from the pONY2.l vector (Etgure b , 
30 The resulting OBHRELacZ cassette is removed from the OB37 vector as a Kpn.-Sall 
fragment and cloned into the Quantum Biotechnologies™ pAdBN transfer vector 
producing Ad.OBHRElacZ. 
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The recombinant Ad.OBHRElacZ transfer vector is linearised (Asel) and co-transfected 
into 293 cells along with the purified right arm of the Ad5 virus (from the Clal site) to 
allow in vivo homologous recombination to occur resulting in the formation of the desued 
recombinant adenovirus. This is outlined in Figure 17. Adenoviral vectors containing the 
HRE are referred to as AdHRE followed by the inserted gene, for example 
Ad OBHRElacZ has the bacterial P -galactosidase gene expressed by the OBhrell 
promoter. Various different nucleic add sequenes of interest may conveniently be cloned 
into the multiple cloning site downstream of the OBhrel 1 promoter. The MCS consists of 
5'BgllI-Ascl-Asp718-K P nI-XhoI-HindIII-EcoRV-SnaBI-BcII-MluI-NotI-3'. 

The inserted DNA construct present in the adenoviral transfer vector is in the form of an 
autonomous expression cassette containing the OBhrell promoter, the LacZ codmg 
sequence and the SV40 polyadenylation signal (splice sites can also be included if 
necessary). In this system described for the construction of AdHRE vectors we have 
observed that a consistently higher level of protein expression is obtained if the expression 
cassette is directed in the orientation of the El genes. Therefore, to get tight regulation 
from the OBhrell promoter (i.e. low basal level of expression in normoxia) the 
OBHRELacZ expression cassette was cloned in the direction of the El genes (minimising 
any transcriptional interference from the remaining adenoviral genome). 

A range of different cell lines are transduced with Ad.OBHRElacZ. Exponentially growing 

cells were transduced with an MOI of 20-100 of the recombinant adenovirus in DMEM 

supplemented with 5% FCS for 90 minutes with frequent gentle shaking for 6-8 hours 

before the virus was removed and replaced with fresh media appropriate for the cell line. 

Transduced cells were then either incubated for 16 hours under normoxic (20% 0 2 , 5% 

C0 2 , 75% N 2 ) or hypoxic conditions as described in the results section using multigas 

„, „ r ; _ t v_ nr p<:ence of 1 50 uM of either cobalt chloride or 
incubators purchased from Heto, or in the presence oi i h 

desferrioxamine (Sigma). 
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The results for two cell types shown in Figure 18 demonstrate the hypoxic inducibility of 
the LacZ reporter gene within the adenoviral vector in Chiang Liver and the MCF-7 human 
breast cancer cell line. 

In addition, 7-14 day old primary human macrophages are similarly transduced with 
Ad OBHRElacZ and incubated under either normoxic or hypoxic conditions. Primary 
human macrophages (isolated from buffy coats and cultured in teflon bags in serum free 
A1M-V medium supplemented with male AB serum) were transduced (on teflon) overnight 
with an MOI of 150-200 of the Ad.OBHRElacZ virus at a cell density of 2 x lOMOO |d in 
DMEM supplemented with 5% fetal calf serum. The cells were then split for incubation 
under either normoxic or hypoxic conditions. Results showing the hypoxic induction of the 
lacZ reporter gene are shown in Figures 18 and 19. 

These results demonstrate not only the transducibility but also the utility of a HRE 
regulated recombinant adenovirus in cells in the haematopoietic lineage. 

Example 13 - Construction of hypoxia regulated adenoviral vectors comprising NOIs 

encoding therapeutic products 

An example is described below for the construction of AdHRE-2B6 and AdCMV-2B6 
recombinant adenoviral vectors using the Microbix Biosystems construction system. 
Plasmids are shown in Figure 20 and are as follows: 

pRIHREPG - OBHRE-2B_6 jra^fer^ct^ (engineered to contain the OBhrel 1 driven 2B6 

5 expression cassette) 

The EMCV IRES GFP was taken from P IRES2-EGFP (obtained from Clontech 
Laboratories UK Limited (cat no. 6064-1)) as an EcoRI-Hpal fragment and blunt cloned 
into the Xbal-Hpal sites of pGL30BHREl lp450 vector 3' to the 2B6 coding sequence 
30 (pGL3OBHREllD450 was obtained by cloning the 2B6/ P 450 coding sequence - see 
Example 6 - as a Hindlll-Xbal fragment into OB37 to replace the luclerase reporter gene). 
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The complete expression cassette is cloned into the Microbix transfer vector pAElsplB as 
Mlu\-PshA\ fragment to give pElHREPG (Figure 20a). 

pJMl 7 and the pAElsplB transfer vector were all obtained from Microbix Biosystems Inc. 
(Ontario, Canada). pJM17 is used to construct adenovirus type 5 vectors with 
inserts/mutations in early region 1 (El). The plasmid has an insertion of a pBR322 
derivative in the El region making it non-infectious in single transfections of helper cells 
such as 293 since the viral genome is too large to be packaged. Co-transfection with a 
derivative of transfer vector, pAElsplB, allows in vivo recombination to occur giving rise 
to packagable El - recombinant adenoviral vectors. 

pElCMVPG - CMV-2B6 transfer vector (engineered to contain the CMV driven 2B6 
expression cassette ) 

The Bglll-Nael CMV2B6 fragment from pCI-2B6 is cloned into the BamHI-EcoRV site of 
pAElsplB. The EMCV IRES2 EGFP Ecol-Xbal fragment from is blunt-cloned into the 
Xbal site 3' to the 2B6 coding sequence in the resulting plasmid to create pElCMVPG 
(Figure 20b). 

pCI-2B6 is obtained by cloning the 2B6 cDNA as described above such that the PCR 
product could be cloned into the Nhel-Xbal sites of the Promega pCI-neo mammalian 
expression vector. 

Note: The use of the EMCV IRES2 EGFP reporter allows easier plaque purification of the 
recombinant adenovirus and provides viable cell marker for studying gene expression 
during different physiological conditions. 

Any NOI or combination of NOIs may be inserted into the adenoviral vector as described 
above. 
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Ex,„M>.e .4 - Cons— of A— veers .o deliver le„.ivira. components 

u^r*> Uren described. To produce lentiviral 
Combinat.on adcnovirus/lentivirus vectors have been descn " 

vectors four adenoviral — s generally need ,o be made: genome, „p* 
vectors, io typically contained in 

envelope (for example rabies G) and, opnonally, Rev. These 

four d fflen, adenovirus construct, Tbe lentivna, components are expressed ™ 
heterologous promoters they contatn introns where needed (for high express,o„ of gagp^ 
2 an Rabies envelope) and a polyadenylatio, si g nal. When the four - 
Educed tnto B,a minus cells me adenoviral components wil, not be express. bu ** 
heterologous promoters will allow the expression of the lent.vrral components. By way of 

described. 

An example is outlined below of .he construction of an E1AV adenoviral system <0 JK. 

, ,• no 9727135 7) The E1AV is based on a minimal system, that rs one 

itTJ^l -V encoded proteins (S2, Tat or enve^pe. The 

A t , the EIAV is the rabies envelope (G protein). Tins has been 
envelope used to pseudotype the EIAV is 

shown to pseudotype EIAV well (U.K. patent application no. 981 1 )). 
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Transfer Plasmids 
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Described below is the construction of transfer plasmids, based on transfer plasmid 
iZl — g - E1AV components. Tire recombinant «*, p,— can then 
be used to make recombinant adenoviruses by homologous recombmanon ,n 293 cells. 



Plasmid construction details 



30 S77.AV ^ expression plasmrd <pO N Y3) is made by inserting the Mlu M, 
fragment from pSPB.AVl^H (see Exampie ,) into the mammal.a,, — ^ 
pd-neo (Promega) cut w,.h M.u, such that the g o SP o, gene ,s expressed from 
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,E promoter-enhancer. Plasmid pONY3 should no, produce a functional genome because 
it lacks the appropriate LTR sequences. 

, T^aintng 5' LTR of PONY3 is removed by cutting pONY3 with Narl and EcoRV. 
The 2 4 kb fragment is inserted into pBluescrip. KS* (Stratagene) a. da. and EcoRV sues 
to make construe, pBS P ONY3.0. P BSpONY3.0 is cut with Xho. and EcoRV and 
kb fragment is inserted into pONY3 a, Xhol and EcoRV to make pONY3.1. Thts 
manipulation removes the V LTR up to the Narl site within the primer binding reg.on 

10 (386nt). 

A. pElRevE - provides the Rev protein required for .he efficient expression of 

gag and pol 

l5 Firstly for construction of pCI-Rev, the EIAV REV encoding sequences were derived by 
PCR amplification. The EIAV REV was obtained by PGR ampliation as fol.ows. Usmg 
p ON Y3 as the template, two amplifications were performed to obtain the 
EIAV RRE The 5' element was obtained using primers EIAV.REV-5'0 (CCATOCA 
COTCTOCAGCCAGCATGOCAGAATCGAAG) and EAIV.REV-IN (CCTGAGGA 
» TCTATTTTCCACCAGTCATTTC) and the 3' element with EAIV.REV-IP (GTGGAAA 
ATAGATCCTCAGGGCCCTCTGG) and EIAV.REV3'0 (GCAGTGCCGGATCCTCAT 
AAATGTTTCCTCCTTCG These products will anneal to each other hence can be used m 
the second PCR reaction to obtain a DNA which -encodes- the EIAV REV. The second 
PCR amplifcatton was carried cut int.iaUy with primers EAIV.REV-IN and EAIV. REV- 
25 IP, with primers EIAV REVS'O and EIAV REV3'0 being added after 10 cycles. 

r^wi with the PCR fragment 'TA' cloning vector pCR2.1 
The resulting product was hgated with the r ^ «<»b 

• ♦• «f th P Fl AV REV insert was assessed by restriction enzyme 
(Invitrogen) the orientation of the EIAV Ktv ins 

anaiysis and the presence of the correct EIAV REV sequence confirmed. The EIAV REV 
30 insert was excised from P CR2.1 by digestion with Spel and NotI and hgated into pCI-Neo 
(Figure 24). which had been digested with Nhel and NotI, to produce P Cl-Rev. 
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The plasmid P CI-Rev is then cut with ApaLI and Clal. The 2.3 kb band encoding EIAV 
Rev is blunt ended with Klenow polymerase and inserted into the EcoRV site of pElspl A 
to give plasmid pElRevE (Figure 21). 

B. P ElHORSE3.1 - gagpol construct 

Firstly, for construction of pHORSE, the EIAV gagpol encoding sequences were derived 
by PCR amplification as follows. Using pONY3 as the template, two amplifications were 
performed to obtain two fragments of the EIAV gagpol. The 5' element was obtained 
using primers EGAGP.S'OUTER (CCATGCACGTCTCGAGCCAGCATGGGAGACC 
CTTTGAC) and EGAGP.INNER3 (GCAATGGAATGACATCCCTCAGCTGCCAGT 
CC) and the 3' element with EG AGP. 3' OUTER (CGAGCTAGAGGTCGACTCA 
ATTTGGTTTATTAGTAAC) and EGAGP.INNER5 (GGGATGTCATTCCATTGCCA 
CCATGGGAAGTATTTATCACTA). These two products will anneal to each other hence 
be used in the second PCR reaction to obtain a DNA which 'encodes' the EIAV 



can 
gagpol. 



The two PCR products are purified pooled and re-amplified using primers 
EGAGP-5'OUTER and EGAGP.3'OUTER. This product is inserted into the Xhol and Sail 
sites of P SP72 to make pSP72EIAVgagpolO'lap. P ONY3 is cut with PvuII and Ncol and 
the 4.3 kb fragment is inserted into P SP72EIAVgagpolO'la P cut with PvuII and Ncol to 
make pSP-EGP. This is cut with Xhol and Sail (4.7 kb) and inserted into pCI-Neo at the 
Xhol and Sal 1 sites. This construct is called pCI-EGP. The RRE is cut out from 
pEGASUS-4( + ) with Sail (0.7 kb) and inserted into pCI-EGP construct at the Sal I site to 
i make pHORSE. 

PHORSE3.1 is made by replacing the 1.5 kb Xhol/Xbal of pHORSE with the 1.6 kb 
XhoI/XbaIofpONY3.1. 

0 pHORSE3.1 is then cut with SnaBI and Notl. The 6.1 kb band encodmg EIAV gagpol is 
inserted into pElRevE cut with SnaBI and Notl (7.5 kb band is purified). This gives 
plasmid pE I HORSE3.1 (Figure 22). 



WO 00/17371 



-100- 



PCT/GB99/03181 



C. pEl PEGASUS - Genome Construct 

pEGASUS-4(+) is cut with Bglll and Notl. The 6.8 kb band containing the EIAV vector 
genome is inserted into pElRevE cut with Bglll and Notl (6.7 kb band is purified). This 
gives plasmid pEl PEGASUS (Figure 22). 

pCI-Rab 

The rabies virus G-protein open reading frame is inserted into pCl-Neo (Figure 27) by 
cutting plasmid P SA91RbG with Nsil and AhdI. The 1.25 kb band is bluntended with T4 
DNA polymerase and inserted into pCI-Neo cut with Smal. This gives plasmid pCI-Rab 
(Figure 25). 

P SA91RbG, as described in U.K. patent application no. 9811152.9, was constructed by 
cloning a 1.7 kb Bglll rabies G fragment (strain ERA) from pSG5rabgp (Burger et ah, 
1991) into P SA91, a derivative of pGWIHG (Soneoka et al, 1995) from which the gpt 
gene has been removed by digestion with BamHI and re-ligation. 

D. pElRab - Rabies Construct 

pCI-Rab is cut with SnaBI and Notl. The 1.9 kb band encoding Rabies envelope is 
inserted into pElRevE cut with SnaBI and Notl (7.5 kb band is purified). This gives 
plasmid pElRab (Figure 26). 

Example 15 - Engineering stem cells to express a prodrug activating enzyme in 
response to hypoxia. 

The retroviral vector, XiaGen-P450 or a lentiviral vector containing the human 
thrombospodin gene under the control of the OBhrel 1 construct may be used to transduce 
any cell type. As an example, we use human haematopoietic stem cells (HSCs), human 
peripheral blood buffy coat and human cord blood. Procedures for isolation of CD34 + 
HSCs and retroviral mediated gene transfer into these cells have been described previously 
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(such as Charbord et al, 1996; Dunbar et al, 1996; Cassel et al, 1993; Emmons et al, 
1 997; WO-A-96/3328 1 ; WO-A-96/09400). An example of a suitable method is as follows. 

HSCs are harvested from peripheral blood after mobilisation with G-CSF and/or 
5 cyclophosphamide (Cassel et al, 1993). G-CSF (Amgen) is given at a dose of 10 
ug/kg/day sub-cutaneously for 7 days. Apheresis and enrichment of HSCs is carried out 
using the CellPro Stem Cell Separator system (Cassel el al, 1993). The HSC-cnriched 
population is cultured at 10 5 cells/ml in spent medium from RRV producer cells 
(Example 1) in the presence of 4 ug/ml protamine sulphate and 20 ng/ml IL-3 (Sandoz), 50 
10 ng/ml IL-6 (Sandoz), 100 ng/ml SCF (Amgen) (Santiago-Schwartz et al, 1992; Charbord 
et al, 1996; Dao et aL 1997; Piacibello et al, 1997; Cassel et al, 1993). Other cytokines 
%j and/or autologous stromal cells prepared as described (Dunbar et al, 1 996, 23 1 ) may also 

!5 be added. After 24 hours the cells are centrifuged and resuspended in fresh RRV- 

m containing medium with growth factors and protamine sulphate as above. This is repeated 

Q 1 5 after a further 24 hours and the cells cultured for up to a further 48 hours. After this time 
q the cells are trypsinised, washed several times in fresh medium by centrifugation and 

| resuspended in Plasma-Lyte A for re-infusion. The total volume for re-infusion is 

S approximately 25 - 50 ml. Patients are infused over a period of up to two hours. The 

number of cells infused is at least 10 5 cells and may be up to the order of 1 0' 2 cells. 



=.3 
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Cells may also be matured along the myeloid differentiation pathway prior to re-infusion 
according to published methods (Haylock et al, 1992). 

Transduction is as follows as described for retroviral vectors but the same methods are 
used for lentiviral vectors: Gene transfer with retroviral or lentiviral vectors is enhanced by 
optimising culture conditions of isolated CD34 cells such that they are cycling at the time 
of transduction. This is particularly necessary with MLV based vectors that require cell 
division to enable nuclear access and integration. Pseudotyping MLV vectors with 
different envelopes has also had a major impact on gene transfer. As reported in the 
30 literature GALV is markedly better than VSVG. 
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We have used a defined medium containing to ensure that cells are cycling at the time of 
transduction. Use of a defined media ensures that proliferative factors are present in the 
absence of anti-proliferative factors that may be found in serum or more complex media. 

Upon isolation CD34 cells are transferred to the following media (based principally on 
Becker et al, 1998) for at least 24 hours prior to transduction. Serum-free medium X- 
VIVO 10, 1% BSA, 2mM L-glutamine, 1% pen/strep, 20 ng/ml IL 3, 100 U/ml IL 6, 50 
ng/ml SCF, 100 ng/ml anti-TGFp, 100 ng/ml Fit 3-L. The transduction protocol outlined 
(Becker et al., 1998) is used. This involves three cycles over 3 days and optimises the 
) likelihood of the majority of cells undergoing mitosis in the presence of viral vector. The 
method is briefly as follows:- 

Coat non-tissue culture grade plates with fibronectin fragment CH-269 at 10 ug/cm 2 
(Takahara). Add virus to empty wells and allow to bind for 30mins. Wash with PBS. Add 
5 10 5 cells in 0.5ml media per well. Add 0.5ml virus of supernatant. Centrifuge at 1020 xg 
for 90 min. After 4 hours replace with fresh media as above. This is repeated for 3 
consecutive days. 

Cells isolated from peripheral blood or from sources derived from peripheral blood 
!0 preferentially form a higher proportion of erythroid progenitors whereas CD34 cells from 
cord blood results in the formation of a broader spread of progenitor type. Cord blood 
derived cells have a higher inherent proliferative capacity. Increased stem cell numbers 
can be derived from peripheral blood that has been 'mobilised' prior to isolation with GM 
CSF. This approach is widely used in transplant patients. 
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Cells are then plated out in methocel medium containing growth factors (Methocel 
containing 10% fetal bovine serum, transferrin, glutamine, 2-mercaptoethanol, bovine 
serum albumin, IL3, IL6, IL11, SCF, Epo, GCSF, GMCSF) in a dark Class II safety 
cabinet according to the following protocol. Using a blunt needle attached to a 2.5 ml 
syringe, dispense 2.5 ml methocel into a 10 ml U tube avoiding air bubbles. Dispense 0.5 
ml of the cell suspension (containing 3x the cell number required for each well so that 1 ml 
of the methocel will contain the desired cell number of 500/2000 cells per well) in Iscove's 
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medium (Gibco) into the tube containing the methocel and vortex gently. Gently dispense 
1 ml of the methocel and cell mix into a non-tissue culture petri dish (35x1 0mm) or a 
single well coverglass chamber using a blunt needle and syringe. Triplicate dishes/wells 
can be set up from each sample. Place the dishes/chambers into a Falcon 3025 dish 
(150x25mm) housing small petri dishes of sterile distilled water to ensure correct humidity. 
Incubate dishes at 37°C, 5% C0 2 and 5% 0 2 and analyse colonies after 14 days. 

To enhance production of CD34 derived monocytes, culture conditions are phased to 
optimise formation of GM progenitors (Haylock et al y 1992) and subsequently monocyte 
progenitors. This is enabled using the CFU assay to monitor aliquots from the primary 
culture and ensure conditions are optimal for monocyte generation. Supplementation of 
culture media with relatively high doses of GM CSF to optimise generation of GM 
progenitors, followed by phased administration of MCSF as the dominant growth factor 
skews differentiation toward the myeloid lineage. Following transduction of the HSC they 
are differentiated to form GM precursors 

The GM precursor colonies are analysed for the expression of the retroviral vector by 
observation of the fluorescence of GFP. This is assessed under normoxia and hypoxia. 

Alternatively the stem cell population can be transduced using the same procedures as 
described above but immediately after isolation. They can then be frozen or used 
immediately for transfer into patients. In this case totipotent stem cells are preserved. 

Example 16 - Interaction of engineered HSCs with ovarian cancer xenografts 

As an example of the invention we have chosen to study HSC infiltration into tumours 
using ovarian cancer as the test system. This cancer is largely confined to the peritoneal 
cavity. A number of animal models are available to analyse HSC infiltration into ovarian 
tumours. Three human ovarian cancer xenografts OS, HU and LA have been derived from 
primary human tumours and established intraperitoneal^ and they are maintained by serial 
passage by that route (Ward et al t 1987). None of these lines grow well in long term 
culture. All grow primarily as free floating ascites surrounded by mucin. This is not 
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reflective of the human disease that exists as solid implanted tumour deposits with 
accompanying ascites. Intraperitoneal administration of TNF converts the HU and LA 
models from this ascitic state to implanted solid tumour deposits on the surface of the 
peritoneum and associated organs (Malik et ai, 1989). This closely represented the ' 
pathology of the human disease and more specifically resembles the original pathology of 
the tumour from which they are derived. This solid tumour model has been used as a more 
relevant starting point for study of therapeutic agents in ovarian cancer, (eg. interferon 
gamma, Malik et ai, 1991; Burke et ai, 1997). Human stem cells engineered with the 
adenoviral or retroviral or lentiviral vectors described above arc introduced at a 
concentration of 10 6 /0.1 ml into the peritoneal cavity of mice bearing the tumours 
described above. The HSCs express the therapeutic genes. The action of these genes 
extends beyond the HSC i.e. there is a bystander effect so that the surrounding tumour 
tissue is killed. In a particular example of this invention the vector XiaGen-P450 is used. 
The mice are treated with the engineered HSC and then treated with cyclophosphamide at 
100 mg/kg administered intraperitoneal^. The tumours of mice treated with engineered 
HSC are killed by the cyclophosphamide. 

Similar procedures are used with AdHRE vectors following the published stem cell 
transduction procedure as follows. Adenoviral vector is used to transduce HSC at a high 
multiplicity of infection (100 to 500) in a small volume of cullture medium containing 200 
units/ml IL-3, 200 units/ml GM-CSF, 200 units/ml G-CSF for 24 hours. After 
transduction with the adenoviral vector the HSC can either be differentiated or used 
directly. If differentiated cells are to be used then colony forming units- 
granulocye/macrophage (CFU-GM) are quantified in soft agar containing the above 
cytokines after incubation for 14 days. The CD34+ cells or differentiated cells are 
introduced into the animal and migrate to the target tissue and express a therapeutic gene . 

Example 17 - Treatment of ovarian cancer with modified human stem cells 

Peripheral blood lymphocytes are collected from ovarian cancer patients as follows. The 
cells are transduced with the XiaGen-P450 retroviral vector as described above. The 
engineered stem cells are returned to the patient via an intraperitoneal injection broadly as 
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described for monocytes by Stevenson at al, 1987. Basically 10 R to 10' cells in 50 ml of 
isotonic saline are introduced directly into the abdominal cavity via a needle catheter 
monitored by ultrasound. The cells are distributed widely in the peritoneal cavity and 
remain associated with serosal surfaces and do not traffic to other organs. After 1 to 7 days .. 
the patients are treated with cyclophosphamide and tumours are analysed after a further 2 
weeks. Reduction in tumour mass is a consequence of local activation of the 
cyclophosphamide by the engineered stem cells. 

Similar procedures are used with AdHRE vectors following the stem cell transduction 
procedure outline above. 

Example 18 - Transduction of tumour cells with lenti-viral vectors 

As a further example of the present invention we have chosen to study gene transfer to 
glioma. Gliomas are characterised by hypervascularity and invasiveness yet they are one of 
the most hypoxic tumours that have been studied [J. Folkman pp3075- 3085 In Cancer: 
Principles and Paractice of Oncology, Fifth Edition ed DeVita, Hellman, Rosenberg. Pub. 
Lippincott-Raven 1997]. A lentiviral vector is configured to deliver a combination therapy 
of a prodrug activating enzyme and an anti angiogenic factor, in this example this is the 
human cytochrome P450 gene and the anti-angiogenic factor TSP-1, both under the control 
of an HRE construct (as for Figure 16 but with lacZ and E-PAS replaced with P450 and 
TSP-1 sequences). The expression is activated in hypoxia thus ensuring that the therapy is 
administered in the local environment of the tumour. A suitable lentiviral vector is 
described in the Figure 30. The model systems use either the human cell line U87MG or 
the rat RT-2 line. Both give typical vascularised tumours that can be analysed either in 
normal rats or in nude or SCID mice (e.g. Wei et al., 1994). In both cases the tumour 
model is created by the intra-cerebral implantation of tumour cell lines. Lentiviral vector 
preparations are injected directly into the tumour mass at multiple sites. Vector is delivered 
in 1 to 3 nl amounts at a titre of at least 10< transducing units/ul. The same procedure is 
used in treating human patients. In this case the tumour is located by PET or MRI scanning 
and injected with vector in 0.1 ml aliquots or alternatively at the time of surgical debulking 
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the site can be treated with vector. Patients are treated with cyclophosphamide and the 
reduction in tumour growth is monitored by MRI scanning. 

Example 19 - Induction of lentiviral vector production and expression by 
d esferrioxa mine 

Desferrioxamine is obtained from Sigma or as a clinical formulation from Novartis 
Pharmaceuticals as the licensed product Deferal. The level of induction achieved with 
Desferal is equal to or greater than that achieved by hypoxia. 

For in vitro use producer cells containing the hypoxia regulated lentiviral vectors are 
cultured in flasks for 10 days in the presence of 50 micromolar to 1 millimolar 
desferrioxamine. Cultures release vector particles during this period to give total yields in 
excess of 10 7 /ml. For scale up cells are cultured in roller bottles and desferrioxamine is 
used at 50 to 200 micromolar for seven days. This system therefore exploits the presence of 
the HRE to alow induction of viral vectors. The system is described whereby the genome is 
regulated by HRE in response to desferrioxamine. It follows that the other components i.e. 
the gagpol and the envelope can be similarly regulated. It follows that this system can be 
used to regulate the production of the components from any retroviral or lentiviral vector. 

For in vivo use patients are treated with the hypoxia regulated lentiviral vector or with cells 
that contain the hypoxia regulated lentiviral vector. Patients are then give a standard course 
of treatment with desferrioxamine. This activates the therapy in addition to any effects of 
hypoxia and in some cases may replace the requirement for local hypoxia. For example if 
the cells are implanted to provide a therapeutic protein such as Epo or a blood clotting 
factor, such as factor IX then the delivery can be regulated by adjusting the dose of 
Desferal. 

Example 20 - HIF-1 autoregulated HRE constructs in an MLV retroviral vector 

HRE HIF 1 autoregulated cassettes using 3 copies of the PGK derived HRE in place of the 
endogenous MLV enhancer and upstream of the core MLV promoter were constructed to 
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further examine hypoxic induction using an HRE of the invention. Bicistronic casettes 
have been derived using the EMCV IRES to drive HIF-lo or control (lac Z) after a 
luciferase reporter (see Figure 28). 

The results obtained show that co-expression of HIF-la significantly increases expression 
under hypoxia however this is concomitant with a reduced induction ratio due to elevated 
normoxic expression (see Figure 27). 

The core 'minimal' promoter of MLV largely consists of a CAAT box upstream of the 
TATAA box. We looked to see if removal of the CAAT box would reduce basal activity 
of the core promoter and thus reduce activity in normoxia. This is confirmed by the results 
shown in Figure 27 - i.e. removal of the CAAT box reduces the activity of the luc-IRES- 
HIF cassette in normoxia yet appears to maintain levels of activity under induction thereby 
improving the induction ration signiifcantly. 

Thus, improved levels of induction can be gained by the co-expression of HIF-1 . However 
this can be seen to elevate levels in normoxia. Reducing the activity of the core promoter 
has been shown to result in gains in the induction ratio. Indeed manipulation of the core 
promoter alone may improve induction profiles as well as in combination with HIF-1 
expression. This thereby points to a route of improving the hypoxic switch and could be 
applied to other core promoters e.g. CMV and SV40 minimal promoters. Furthermore, this 
technique would be equally useful in cell targets where the normoxic level of the factors is 
unusually high as a way of reducing normoxic activity e.g. in C2C12 mouse skeletal 
muscle cells. 

Example 21 - Optimisation of OBHRE1 and OBHRE11 HRE 

Although there is a consensus sequence for the HRE element, there are subtle single base 
variations found in naturally occurring HRE elements depending on the particular gene 
0 promoter. Furthermore, it has been suggested that particular members of the HIF family 
(bHLH PAS family) bind preferentially to certain half site sequences. By making single 
base substitutions in these half sites it may be possible to enhance the hypoxic response in 
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particular cell types depending on the HIF/bHLH PAS family member expression profile in 
the cell target. Thus for example if a specific cell type expresses a specific HIF/bHLH 
PAS family member at high levels, then the HRE may be tailored accordingly to include 
half sites that are bound by that specific family member. 

This was tested experimentally as explained below: 

Five oligonucleotides were synthesised incorporating changes to the HRE binding sites in 
OB HRE 1 (plasmid OB36). 

1 2 
Mouse PGK1 GTCGTGCAGGACGTGACA (x3) 

CAGCACGTCC7GCACTGT 

3 



15 D1 TACGTGCAGGACGrGACA (x3) 

ATGCACGTCC7GCACTGT 



Q The upstream GT flanking the HRE site 1 was changed to TA (found in the majority of 

f.=4 

other HREs). 

20 

D2 GTCGrGCAGTACGrGACA (x3) 

CAGCACGTC/irGCACTGT 

Site 2 was changed from GAC to TAC to make the site more like a HIF/MOP3 binding 
25 site. 

D3 GTCG7GCAGCACG7GACA (x3) 

C AGC ACGTC GTGCACTGT 



30 



Site 3 has been mutated to replace the final C with a G which is found in most other 
identified HREs. This also causes site 2 to mutate to CACGTGA which is a MOP4/MOP3 
binding site. 
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D4 GTCGTGCAGGACGTGGCA (x3) 

C AGC AC GTCCrGCACCGT 

Mutating this to G is predicted to make site 2 bind ARNT rather than MOP3. 

D5 GTCG7GCAGTACGrGGCA (x3) 

CAGCACGTC47/GCACCGT 

This construct includes the same mutation as D4. However the D2 mutation is also added. 
This results in a putative HIF/ARNT site. 

Results (see Figures 29 and 30) 

Dl - This construct has increased normoxic expression levels, but has made little impact on 
hypoxic expression levels and therefore decreased the induction ratio when compared with 
OBHRE1. 

D2 - This construct has clearly increased both the normoxic and hypoxic levels of 
expression. 

D3 - Mutating the CGTC to CGTG in the mouse PGK HRE element has reduced both 
normoxic and hypoxic levels of expression in T47D cells and caused a significant drop in 
induction ratio. However the effect is far less pronounced in C2C12 cells, indicating that 
the activity of this construct is highly dependent on the cell background tested. 

D4 - Expression levels under hypoxia are low and induction ratio is decreased in T47Ds. 
Normoxic levels are decreased in C2C12s which significantly increases the induction ratio 
when compared with OBHRE1 . 
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D5 Adding the D2 mutation to D4 has decreased both normoxic and hypoxic 
expression levels in T47Ds, preserving the induction ratio. In C2C12 hypoxic expression 
levels are decreased which has severely affected induction ratio. 



Summary 

The single base change in D2 shows an improvement to OBHRE1 . The single base 
changes described above may be useful as a means of tailoring MRE function to a 
particular cell target according to the HIF transcription factor evident in that cell type. 

All publications mentioned in the above specification are herein incorporated by reference. 
Various modifications and variations of the described methods and system of the invention 
will be apparent to those skilled in the art without departing from the scope and spirit of the 
invention. Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly 
limited to such specific embodiments. Indeed, various modifications of the described 
modes for carrying out the invention which are obvious to those skilled in molecular 
biology or related fields are intended to be within the scope of the following claims. 
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